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INTRODUCTION 

Despite significant gams m our understanding of wolverine ecology and habitat 

associations in N01th America over the last 3 decades (Homocker 1981, Magmm 1985, 

Gardner 1985, Banci 1987, Copeland 1996, Persson 2003, Persson et al. 2009, and 

others), a major gap exists in our knowledge of wolverines inhabiting coastal ecological 

zones. For example, in Southeast Alaska (SE AK) the only inf01mation available on 

wolverines is from Alaska Depmtment of Fish and Game (ADFG) sealing records of 

animals taken during the hlmting and trapping season. These records only contain 

inf01mation on hunter or trapper identification, month/yem· of hmvest, location and 

method of hmvest, method of transp01tation, and sex of the animal. During the 1 0-yr 

period 1994-2003, trappers and hunters hmvested an average of 24 wolverines annually 

in SE AK, with Game Management Unit (GMU) 1B producing an average of7 (range 1-

18) wolverines per year. Sealing records indicate that GMU 1B and 1C (Fig. 1), where 

we conducted field work for this study, typically produces the highest wolverine hmvest 

in SEAK. 

The large expanse of remote, mountainous habitat in SE AK has provided 

wolverines with expansive refugia from trapping, which along with immigration from 

Canada has probably helped sustain viable populations in the region. However, recent 

genetic studies indicate that there may be little interchange between SE AK wolverine 

populations and those in adjacent Canadian provinces, pmticulm·ly the female segments 

of the populations (Frances 2008). Fmther genetic studies are needed to dete1mine the 

extent of dispersal between these adjacent populations (Tomasik and Cook 2005). 

Functional refugia m·e imp01tant in maintaining source populations to repopulate m·eas 

where trapping occurs (Magmm and Copeland 1998, Krebs et al. 2004, Golden et al. 

2007). Refugia must be large enough and contain enough suitable habitat for reproductive 

females to successfully den and rem· kits without having to make excursions into trapped 

areas. There is, however, no inf01m ation cmTently available on denning habitat, home 

range size, movements, and the extent or frequency of extra-ten1torial movements for 

reproductive female wolverines in SE AK. 

A key component of viable wolverine populations is the smvival of reproductive 

females (Persson 2003). Although mature female wolverines have the capacity to produce 
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2-3 young per year, studies have shown that the actual reproductive rate for wolverines is 

much lower than expected, primarily due to delayed maturity and frequent failure to 

recmit young in years following successful reproduction (Persson 2005). Estimates of 

logistic growth rate for u·apped populations of wolverines indicated that wolverine 

populations would decline in the absence of immigration from lmti·apped populations 

(Krebs et al. 2004). Population viability analyses of wolverines in Sweden indicated that 

for populations to remain viable, according to the Intemational Union for Conservation of 

Nature and Natural Resources (IUCN) classification criteria (IUCN 2000), the number of 

sexually mature females (~3 years old) should exceed 46 individuals (Persson 2003). 

There are cunently no population estimates for wolverines in SE AK and no infonnation 

on age or reproductive status of animals hruvested in the region. 

Resource development, human settlements, and increased human access in 

wolverine habitat can have negative impacts on wolverine populations, especially where 

dispersal potential for wolverines is compromised by disjunct habitats or lack of refugia 

(Weaver et al. 1996). Landscape-scale development activities in wolverine habitat such 

as those resulting from forest management activities not only modify habitat 

chru·acteristics but affect wolverine movements (Bowman et al. submitted). Road 

construction associated with forest management activities and other development can 

increase u·apper access to previously lmti·apped areas that once ftmctioned as reft1gia for 

reproductive segments of a wolverine population (Dawson et al. submitted). Roads also 

provide u·avel conidors for wolves, which could increase the potential for m01tality of 

denning females and their kits (Magoun and Copeland 1998). 

Until2007 when this study and another near Jlmeau (S. Lewis, lmpublished data) 

were initiated in SE AK, there had been no studies of wolverines in coastal ecosystems, 

lru·gely due to the expense and inherent difficulties associated with studying the species in 

these ecosystems. Wolverine populations are notoriously difficult to study because of the 

remoteness of their habitats, the size of their home ranges, and their low density 

compared to other mid-size crunivores. Acquiring inf01mation on reproductive females is 

paliicularly difficult because their home ranges often incorporate some of the most 

remote areas of occupied wolverine habitat. We conducted a pilot study in winter 2006-

2007 to dete1mine which p01tions of the GMU 1B Mainland most likely supp01ted 
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reproductive female wolverines and what methods were most suitable for documenting 

wolverine movements and habitat associations in SE AK (Magmm et al. 2007). In late 

winter 2008 we conducted both a telemetry study and a camera-n·apping study of 

wolverines, expanding our research objectives to include developing and implementing a 

method for estimating population density (Magmm et al. 2008), and in late winter 2009 

we integrated our camera-n·apping with hair snagging for DNA analysis of wolverines 

visiting the camera sites to validate our photo identification technique (Magoun et al. 

submitted) and to estimate survival rates and prop01i ion of reproductive females in the 

study area (ongoing). 

STUDY AREA 

The study area (Fig. 1) comprised 2,140 km2 of coastal tidelands, temperate rainforest, 

muskeg, alpine habitats, and glaciers in the Tongass National Forest on the mainland of 

Southeast Alaska near Petersburg (56° 48.67602' N, -132° 57.07452' W). Boundaries of 

the study area were P01i Houghton on the n01i h, Le Conte Bay on the south, Frederick 

Sound on the west, and the Stikine Icefield on the east. Most forested habitat occmTed 

within 20 km of the coast and comprised Sitka spmce (Picea sitchensis) or westem 

hemlock (Tsuga heterophylla) on productive forest sites and mountain hemlock (Tsuga 

mertensiana), Alaska-yellow cedar (Chamaecyparis nootkatensis), or westem red cedar 

(Thuja plicata) on poorly drained sites. Large mammal carcasses available as food for 

wolverines in winter included mmmtain goat (Oreamnos americanus), Sitka black-tailed 

deer (Odocoileus hemionus), and moose (Alces alces) .Temperatures at sea level during 

the study ranged from -4° C to 7° C but were considerably colder at higher elevations, 

although rarely falling below -23° C. Snowfall during the study was ve1y heavy, reaching 

depths >4 m at higher elevations. 

The study area included p01iions of GMU 1B and 1C as well as p01i ions of the 

Juneau, Petersburg, and Wrangell Ranger Disn·icts (U. S. Forest Service; USFS). Human 

inhabitants and developments were clustered near Point Agassiz and residents of the area 

had limited access to the smTounding forest on a small, local network of old logging 

roads (Fig. 1). Access for n·apping was either along this road system with snowmachines 

and 4-wheelers or along the coast with boats. The average annual harvest of wolverines 
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in the study area in 2000-2009 was 2 (range 1-6) with males comprising 67% of the total 

harvest for those years. Trappers limited their eff01t s to take wolverines in 2007- 2009 in 

cooperation with this study. 

GOALS AND OBJECTIVES 

The goal of this research was to provide wildlife managers with the inf01m ation needed 

to ensure that wolverine populations are managed sustainably and that functional habitat 

for reproductive female wolverines is maintained in the face of increasing human 

development and access to remote areas in SE AK. 

The specific objectives for the study were as follows: 

1. Provide inf01m ation on wolverine movements, home range, and denning habitat in 

the study area. 

2 . Use digital motion-detection cameras to gather additional inf01m ation on the 

distr·ibution and numbers of wolverines in the study area. 

3. Capture hair for DNA from photographed wolverines to test the effectiveness of 

photo-IDs in establishing the identity and sex of wolverines. 

4 . Derive a population estimate for wolverines in the study area in 2008. 

5. Collect tissue samples from harvested wolverines across SE AK, as well as hair from 

livetr·apped wolverines and wolverines visiting camera sites, for use in genetic 

analysis of population structure and interchange with adj acent regions. 

6. Fmt her evaluate and refine an integrated camera and hair snag (C&H) technique as a 

method for estimating wolverine distr·ibution and population size as well as for 

monitoring wolverines over the long te1m. 

METHODS 

Livetr·apping 

In winters 2006-2007 and 2007- 2008, we livetr·apped wolverines usmg box tr·aps 

(Lofroth et al. 2008) that were constructed of 4 inch x 6 inch (89 mm x 140 mm) rough 

hewn timbers and that were roughly 152 em (60 in) long, 76 em (30 in) wide, and 51 em 
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(20 in) deep (Fig. 2). Wolverines n·iggered the heavy timber lid when they pulled at a 

piece of bait seemed inside the n·ap at the back near the floor and connected by a cable to 

a panic snap on the outside of the n·ap. A cable extended from the front of the n·ap lid, 

over a cross member above the n·ap, to the back of the n·ap where it was attached to the 

panic snap and held the lid up until the wolverine tugged on the bait and released the 

panic snap. We lubricated the n·igger mechanism with pen·oleum jelly and covered the 

n·igger with a plastic bag to prevent ice build-up. We removed loose hide from pieces of 

deer and moose carcasses used as bait to prevent a wolverine from sn·ipping lengths of 

hide from the bait, which could lengthen the distance between the bait and the back of the 

n·ap. This prevented the possibility of a wolverine pulling on the bait and n·iggering the 

n·ap while its head was up or its body was in the n·ap opening. We attached "chew" logs 

to the inside front of the n·aps where wolverines most often n·ied to chew out of the n·ap. 

These logs were easily replaced when they became wom . After having wolverines escape 

twice by chewing their way out of n·aps in 2007, we reinforced all n·aps with hemlock 

hunber inside the n·aps and, in some cases, plywood on the outside of the n·aps. These 

reinforcements, combined with using n·ap-monitoring devices, prevented any wolverines 

fi:om escaping the n·aps in 2008. With the ammmt of snow and rain in the study area 

dming 2007 and 2008, n·ap lids remained heavy enough (>45 kg) that the wolverines 

could not lift the lids and escape. 

We checked n·aps daily at a maximum of eve1y 8 homs, either by visually 

inspecting them or by monitoring VHF signals emitted by n·ap-monitoring n·ansmitters 

(Telonics®, Inc., Mesa, AZ) attached to the n·aps. When possible, we inspected most 

n·aps equipped with n·ap monitors eve1y second day to remove snow and to ensme the 

n·igger mechanisms were ftmctioning properly. Dming periods of heavy snow followed 

by wmm weather and rapid thawing, we lmset n·aps or checked them eve1y day to prevent 

water fi:om building up inside the n·aps. Dming periods when sea ice was f01ming in 

Thomas Bay, we closed n·aps that were accessed by boat. We also set digital motion­

detection cameras (Trailwatcher®, Monticello, GA; Cuddeback®, Nontypical, Inc. , 

Green Bay, WI; Stealth Cam®, Grand Prairie, TX; and Reconyx®, Holmen, WI) at the 

n·aps to dete1mine when wolverines began to visit them. We often did not set a n·ap 
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unless we knew it was being visited by a wolverine to reduce the need to visit traps to 

release marten, the only other species that triggered the traps. 

We anesthetized captured wolverines with tiletamine HCl and zolazepam HCl 

(Telazol®, F01i Dodge, lA) at a dosage of about 10 mg/kg administered with a 6-cc 

syringe and 18-gauge needle attached to a jabstick. While one person used a long stick to 

distmct the wolverine, another person would slowly move the jabstick and syringe close 

to the injection site (shoulder or nnnp) and then quickly jab the animal to inject the mugs. 

Once immobilized, we weighed the animals, measured the head and neck circlnnferences, 

took blood samples, collected hair for DNA and stable isotope analysis, and attached a 

combination satelliteNHF collar or a VHF-only collar (Sirtrack®, Havelock N01ih 4147, 

New Zealand). 

The Sirtrack satelliteNHF collars used the Argos satellite system administered by 

CLS America, Inc. (Washington, D.C.). The collar material was either rolled leather or 

flexible, flat nylon with a width of ~25 mm (Fig. 3). Once activated the Argos 

transmitters emitted signals around the clock (i.e. , we did not program a duty cycle to 

extend the life of the collars) . We downloaded locations at regular intervals ~ 10 days) 

using the CLS America website and entered the relocations in a GIS database; we also 

purchased the data CDs from CLS America as backup. We radiou·acked wolverines 

wearing both types of collar using a PA -18 Supercub. In addition to basic relocation data, 

we also collected inf01mation on habitat characteristics where animals were located 

during the aerial u·acking flights. 

We categorized females as parous (evidence of past litters or cunent pregnancy) 

or nulliparous (no evidence of past or cunent pregnancies) based on teat development: 

dark-colored teats ::::4 mm long indicated females that had produced kits in the past or 

were cmTently pregnant and teats that were small, light-colored, and hard to detect 

indicated nulliparous females (Fig. 4). While females in the first categ01y could be 

considered adults (average age at production of first litter ::::3 years; Persson 2006), age 

dete1mination for nulliparous females was not possible. Even females as old as 8 years 

that have not produced a litter in their lifetime have teats that indicate nulliparity as 

described above (A. Magmm, personal observations of captive wolverines) . Although 

tooth wear has been used to indicate approximate age in wolverines (e.g., Magoun 1985), 
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more recent inf01mation from known-age, wild wolverines indicates that wolverines as 

old as 12 years may have teeth in ve1y good condition that would n01m ally be associated 

with young individuals (J. Persson, unpublished data), so we did not use tooth wear as an 

indication of age. 

We used size of testes and bacula to estimate an age categ01y for males, either ~ 

16 months or > 16 months. An approximate age dete1mination for male wolverines based 

on relative testes size is only possible in livetrapped or photographed individuals from 

late Febmmy through June (Mead et al. 1991) . Based on inf01mation from captive 

animals, testes of 1-yr-old males in this period m·e noticeably smaller than those of older 

males (Figs. 5; C. Long, D. Pedersen, and S. Kroschel, unpublished data). In addition, for 

livetrapped males, palpating the baculum provided inf01mation on the relative maturity of 

males because bacula of yem·ling males m·e relatively sh01i ( <8 em) and thin; therefore, 

an approximate age categ01y for males livetrapped in their first winter can be estimated 

with this technique by resem·chers experienced in handling both age groups. 

We also photographed the ventral side of the animals because individual 

wolverines can be identified by the ventral pattem of the light-colored pelage on their 

t1n·oat and chest, including the gulm· patch nem· the chin (Fig. 6). We photographed 

individual mm·kings while the animal was positioned on its back and on each side, both 

before and after collaring the animal, and again while the animal was coining out of the 

anesthesia in a more upright position (Fig. 7). We could compm·e these photographs with 

those taken with motion-detection cameras or harvested wolverines, in the event that the 

animals were able to remove their collars . 

Motion-detection Cameras 

Besides using cmneras to monitor activity at the live traps in 2007 and 2008, we also 

deployed Trailwatcher cmneras at baited cmnera stations in 2008 and 2009 to photograph 

ventral pattems. At each station we attached a 120-cm-long nm pole horizontally to a tree 

with the proximal end at least 1 m above bm·e grmmd or snow and with the distal end 

pointed towm·d another tree - 3 m from the first tree (Fig. 8). We fabricated the nm pole 

from 2-inch x 4-inch dimensional lumber (38 mm x 89 mm) or used a natural log (- 15 

em diam.) fmmd on site. We attached a Trailwatcher camera to the tree opposite the nm 
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pole so that the camera faced the distal end of the lllll pole. The camera was set to take 

photos with the flash on both day and night. The camera triggered eve1y time an animal 

moved in front of the camera, resulting in photos taken - 4 seconds apart for 500-700 

photos on a 2 gigabyte mem01y card. For back-up in case of malftmction, batte1y 

depletion, or a full mem01y card, we also attached another Trailwatcher camera or an 

infrared Reconyx camera (no flash) to the tree and set them to take photos over a longer 

period of time. The Reconyx cameras generally produced poorer quality photos but 

would operate at temperatures below - 23° C. We adjusted the height and position of the 

cameras so that the identification number on the end of the lllll pole would be centered 

near the bottom of the photographs. 

We ran a cable (2-mm-thick wire rope) horizontally between the 2 trees and high 

enough that the bottom of the bait would be about 70- 90 em above the distal end of the 

nm pole. Heavier pieces of bait required a higher horizontal cable. For bait, we used parts 

of deer, moose, black bear (Ursus americanus), or beaver (Castor canadensis) carcasses 

with a major bone attached. Baits were either road-killed animals or the remnants of 

animals taken by hunters or trappers. We threaded a piece of cable through a hole drilled 

through bone in the bait and, using a cable clamp, attached the bait cable to the horizontal 

cable and adjusted the height and location of the bait above the distal end of the nm pole 

before tightening the cable clamp. We sometimes placed baits inside a cloth bag, under 

an inverted plastic bucket, or inside a metal paint bucket with lid if another species 

became habituated to the site and routinely removed the bait. We deployed and 

maintained the camera stations using boats, snowmachines, 4-wheelers, or helicopters for 

access. 

We used the photographs obtained in 2008 to estimate wolverine density in the 

study area for that year and focused our 2009 camera-trapping eff01is on documenting 

sex and lactation for wolverines visiting the camera stations as well as validating the 

photographic method of identifying wolverines. Because of the expense of helicopter 

access, in 2009 we eliminated some camera sites fruihest from Petersburg that required 

helicopter access if no uniquely-mru·ked wolverines were documented in 2008 at these 

sites. However, regardless of distance from Petersburg, we included at least 1 camera 

station where an individual was recorded in 2008 in the 2009 camera atTay, so that we 
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had at least some chance of photographing the same wolverines in 2009 if they were still 

using the same areas. We used multiple cameras (usually 2 but as many as 6, including 

Trailwatcher and Reconyx) at the 2009 camera stations so that we could detennine if 

wolverines, on some occasions, were visiting the sites but not climbing the nm poles and 

to increase our chances of acquiring identifiable photographs for all individuals. To 

increase our chances of documenting the sex and reproductive status of the wolverines 

being photographed, we modified the nm poles in 2009 (described below) with stmctures 

that supported the animals as they stood at the end of the mn pole, which resulted in a 

wide stance and photographs of the abdominal region. We set the Trailwatcher cameras 

to flash day and night to provide the highest detail possible of the animals on the nm 

poles. 

Hair-snagging 

In 2009 we added hair-snag devices to the same 1un poles used to photograph the 

wolverines. To attach the hair-snag structure (described below) to the pole, we used 2 

sh01i pieces of 2-inch x 4-inch dimensional lumber, one that was 35.6 em (14 inches) 

long and one that was 40.6 em (16 inches) long, and attached the sh01ier piece with 

screws horizontally to the 1un pole so that it was perpendicular to the pole, flush with the 

distal end of the pole, and centered on the pole. The longer crosspiece was positioned 

silnilarly but was 22 em from the distal end of the 1un pole (Fig.8). 

We used square rods (- 2.5 em) of ultr·a high molecular weight (UHMW) 

polyethylene plastic (Plastic Supply Inc. , Tacoma, WA) and steel alligator clips with 7.9-

mm jaw opening (Mueller Electr·ic Company, Akron, OH) to construct hair-snag 

str11ctures, which we mounted at the distal end of the 1un poles (Fig. 9) . The supp01i 

str11cture consisted of 1) 2 ve1iical 76-cm-long pieces of UHMW plastic (uprights), each 

screwed at their base to opposite ends of the sh01ier crosspiece on the nm pole; 2) 2 

similar pieces of UHMW mounted diagonally for bracing the 2 uprights (braces), one end 

of each piece bolted to the top of the UHMW uprights and the other screwed into the end 

of the longer wooden crosspiece on the nm pole; and 3) a 46-cm-long, 6.4-mm-diam (Y,. 

inch) threaded steel rod that spanned the distance between the uprights - 2.5 em from the 

top of the structure (crossbar). We used 2 additional pieces ofUHMW - 30-40 em long 
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(snag posts) on which we mmmted 5- 8 alligator clips (Model #BU-60PR2) (Fig 10). We 

inserted the base end of the clips into 6.4-mm-diam (~ inch) holes drilled into the snag 

posts and, tapping on the point of the jaw lightly with a hammer, fumly seated the base 

clips into the holes. We screwed the snag posts veitically into the proximal edge of the 

longer crosspiece, one on each side of the nm pole separated by ~25 em (Fig. 10). When 

the snagging device was set, each of the base clips held open a n·igger clip (Model #BU-

60). We attached the n·igger clips to Henssgen simplex snaps® (Henssgen Hardware 

C01poration, Glens Falls, NY) with lanyards of Steelon® nylon-coated wire (BD45BL) 

(Berkley®, Spirit Lake, IA) and Berkley connector sleeves (B3) and seemed the clips to 

the snag posts by snapping the spring clip onto small eye screws inse1i ed into the snag 

posts (Fig. 11). The springs in the base clips were at least as sn·ong as those in the n·igger 

clips so that the base clips held the n·igger clips open to the widest extent possible. When 

dislodged by an animal, the n·igger clips would dangle at the end of the lanyard, 

preventing another animal from depositing hair in the clip (Fig. 11). We positioned the 

bait about 30-40 em above the crossbar. 

When we visited the C&H stations to collect hair, which we did each time we 

checked cameras to change batteries and mem01y cards at 1-4-week intervals, we placed 

the hair from each n·igger clip into a separate small envelope and labeled the envelope 

with an accession identification number (AIN) that included the date, camera site, and 

clip position on the snag post (e.g., C10-041809-R7 indicated a sample of hair collected 

at camera site C 10 on 18 Apr 2009 from the seventh clip from the top on the right snag 

post) . We then placed these envelopes into a larger envelope labeled with a collection 

identification number (CIN) that included the camera site and collection date (e.g. , C10-

041809). Because we had mmmted the alligator clips so they could be seen on the 

photographs, we could tell which clips were set and which ones were n·iggered both 

before and after a visit by a wolverine (Fig. 12), thereby allowing us to detennine which 

individual wolverine was associated with each n·iggered clip. This integrated method of 

photographing and collecting hair from wolverines simultaneously made it possible to 

link genotypes with the lmique venn·al pattems of the wolverines photographed at the 

sites. 
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Carcass Collection 

We purchased wolverine carcasses from trappers in SE AK during trapping seasons 

2006/2007- 2008/2009. From these carcasses, we collected tissue samples for DNA 

analyses of wolverine population stm cture in SE AK compared to adjacent regions. 

Additional tissue samples were archived at ADFG (Juneau) for future isotope analyses of 

food habits of wolverines in SE AK (isotope analyses were not prui of this study). In 

addition, the reproductive tracts of female wolverines in the carcass collection were 

examined for evidence of past reproduction, and baculum length was measured on males 

as an indicator of the percentage of yeru·ling males in the harvested sample. The cru·casses 

were then sent to the Dr. Joseph A. Cook (Depruiment of Biology, University of New 

Mexico[UNM], Albuquerque) where DNA was extracted and the skeletons were cleaned 

and deposited in the Museum of Southwestem Biology at UNM. 

DNA Analysis 

We collected 3 types of samples for DNA analysis: muscle tissue from wolverine 

cru·casses purchased from n·appers, hair from live-n·apped wolverines captured in Thomas 

Bay, and hair from snagging devices on the nm poles in our study area. Tissue samples 

and hair collected from live-n·apped wolverines were sent to J. Cook and graduate student 

J. Frances, who completed a compru·ative study of wolverine population genetics in N01ih 

America in which they discussed the level of interchange between wolverine populations 

in SE AK and Canada. Methodology for the DNA analysis is described in Frances 

(2008) . We rep01i the fmdings of this study that pe1iain to SE AK in the results section 

below. 

Hair from snag devices on the nm poles provided DNA that was used to validate 

our method of determining sex and individual identity (ID) of wolverines from 

photographs. To validate the accuracy of ID and sex determined from photographs of the 

wild wolverines, we compru·ed results from photographs with that from DNA using the 

following protocol. From photographs with a full venn·al pattem, A. Magoun determined 

ID of the wolverines and assigned a name for each individual with a unique venn·al 

pattem. The sex of the individuals live-n·apped in either 2007 or 2008 was known but, for 

all other wolverines, we determined sex from photographs of the wolverines in a bipedal 
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stance. The sex of wolverines could be identified from photographs when the animals 

stood up on the Illll pole to reach the bait while facing the camera (Fig. 13). The method 

of identifying sex from photographs was suggested by C. Long (The Wolverine 

Foundation, Inc. , Kuna, ID) based on his work with captive animals. We developed our 

field method for obtaining sex from photographs by working with > 30 captive wolverines 

of known sex (D. Pedersen, lmpublished data) and developing a file of photographs of 

adult (::::3 years old) male and female wolverines. At the time of our tests, no captive 

wolverine was <3 years old, so for younger-aged animals, we used a time series of 

photographs of the ventral surface of hand-reared wolverines provided by C. Long, D. 

Pedersen, and S. Kroschel to determine whether ymmg males (9 months to 3 years) could 

be reliably separated from females. We could detennine sex even for yearling males 

using detailed photographs, but males ::::2 years of age were more easily identified 

because of the larger size of testes and prepuce (Fig. 13). 

By examining the photographs, A. Magoun detennined which clips were triggered 

by a particular animal and assigned the AIN for each clip to that animal. She then 

provided a list of the wolverine names and their sex with the associated CIN and AIN 

data to C. Long (The Wolverine Foundation, Inc., Kuna, ID) prior to DNA analysis of the 

hairs. Without knowledge of ID and sex of wolverines identified from photographs, Dr. 

Michael K. Schwmtz and Kristy Pilgrim (Wildlife Genetics Laborat01y, Rocky Mmmtain 

Resem·ch Station, Missoula, MT) extracted DNA from the hairs and identified the 

genotypes and sex of the individuals in each hair collection having suitable DNA. They 

assigned a code number to each genotype and provided a list of the DNA ID codes, sex, 

and associated CIN and AIN data to Magoun and Long, who independently compm·ed the 

data files and then compared their individual results. Using this protocol, we avoided 

observer bias in the validation process. 

Density Estimation 

The model we used for estimating wolverine density in our study m·ea was developed by 

Dr. J. Andrew Royle (USGS Patuxent Wildlife Resem·ch Center, Laurel, MD) and is a 

spatial hierm·chical model (Royle and Dorazio 2008) using capture-recapture data (Royle 

and Young 2008) from our 2008 cmnera anay. The model can be conveniently analyzed 
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using methods that are standard for analyzing generalized linear mixed models (Bolker et 

al. 2009) using a Bayesian approach (McCarthy 2007) and data augmentation (Royle et 

al. 2007, 2009) in the free software program WinBUGS (Gilks 1994). The model is 

described in a paper submitted to the Journal of Wildlife Management in Febmmy 2010 

and the submitted version is attached in Appendix A. 

The key idea in this spatial capture-recapture model is that it f01mally relates the 

encounters of individual wolverines to where these individuals spend time over the 

camera-trapping period. In pmiiculm·, if we imagine that an individual occupies a defined 

area for a given period of time (i.e., a seasonal home range or use m·ea) and its activities 

are centered in that area for that period, then it is natural to expect that the probability of 

an individual encountering a trap is a ftmction of the distance between that individual's 

activity center and the trap. The estimate of density is based on the number and 

distribution of individual activity centers (a latent variable that is the quantity of interest 

in the modeling exercise) . Past experience at a camera station will affect the probability 

that an individual will be "captured" (i.e., photographed sufficiently well to be identified) 

at that site again. Therefore, we incmporated a "behavior response" in the model that 

takes into accmmt the fact that wolverines remember locations where they have fmmd 

food in the past and retum to these locations periodically, even long after the food is gone 

(A. Magoun, personal observation). Because the behavioral response is trap-specific, the 

probability of subsequent encmmters is increased only for that trap. In this respect, the 

behavioral response can be considered a "local behavioral response" rather than a "global 

behavioral response" (i.e., encmmter with one trap increases probability of being captured 

at other n·aps). Other factors that probably affected the probability of "capturing" a 

wolverine at a camera station, such as individual differences in personality, tenitoriality, 

sex, hlmger, and reproductive condition, were largely lmknown for the individuals in our 

study and therefore were not included in the model. Moreover, the interaction of these 

vm·iables on detectability of individual wolverines is likely to be complex and to change 

over time. 

Independently of the spatial hierm·chical model, we used knowledge of wolverine 

spacing behavior (Persson et al. 2009; M. Aronsson, Grimso Wildlife Resem·ch Station, 

Sweden, unpublished data) and inf01mation from radiotelemetry and cameras over the 3 
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years of the study to develop an ad hoc model of wolverine spatial structure and density 

in the study area for 2008. We considered wolverines that were known to occupy the 

study area in 2 consecutive years in the period 2007-2009 to be residents in 2008. Based 

on home range size of collared animals and known locations of all wolverines detected in 

2008, we constructed a map of distr·ibution and hypothetical home range bmmdaries for 

the resident animals. We calculated a minimum wolverine density for our study area by 

dividing the size of the study area by the number of residents detected. 

RESULTS 

Livetr·apping 

In the 2006-2007 field season (hereafter refened to as 2007), we deployed live tr·aps at 8 

sites and operated them for a total of 246 tr·ap nights from 30 December 2006-2 April 

2007. Wolverines tr·iggered the tr·aps 7 times, resulting in the capture of 3 males and 1 

female (Table 1). One of the males was recaptured in the same tr·ap a week after its initial 

capture. This wolverine had numerous fresh wounds and old injuries (Fig. 14) that 

prevented us from putting a telemetry collar on the animal. We obtained no more 

locations for this individual either in tr·aps or in photographs. Wolverines escaped twice 

by chewing out of the live tr·aps. Photographs fi:om cameras set up at the trap sites 

indicated that at least 2 individuals visited the tr·ap sites but were not captured, either 

because the tr·ap was not set at the time or the animal failed to tr·igger the tr·ap. Video 

footage showed one individual entering and leaving the tr·ap without tr·iggering the tr·ap. 

In the 2007-2008 field season (hereafter refened to as 2008), we deployed live 

tr·aps at 12 sites (including the 8 from the previous season) and operated them for a total 

of 301 tr·ap nights from 18 Janmuy 2008- 20 April 2008. The least number of tr·ap nights 

for a given tr·ap site was 3 tr·ap nights with 1 wolverine captured; the longest number of 

tr·ap nights was 86 with 2 captures (both recaptures from other tr·ap sites). Wolverines 

were captured on 8 separate occasions, of which 3 were recaptures of previously collared 

animals. Of the 5 wolverines collared, 2 were adult males (i.e., ~2 years based on large 

testes size), 2 were reproductive females (i.e., teat development indicating past 

reproduction), and 1 was a nulliparous female (Table 1). The female Sunshine was 
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lactating at the time of her capture on March 28 (Fig. 15). The male Moonshine had been 

captured and collared the previous year but was no longer wearing the collar. 

ArgosNHF and VHF-only Collars 

In the first live-trapping season, 2 wolverines (male Dave and female Cean) removed 

their collars within days of their captures so we obtained ve1y few locations for these 

animals in 2007, but we subsequently photographed Cean in 2008 and 2009. We did not 

detect the male again. We placed the third collar on the adult male Moonshine captured 

on 23 Febmmy 2007 and that unit remained on and functional for over a month. From 

April 3- April 30, we received 83 locations from the Argos transmitter on this male, with 

an average of 3 locations per day. There were no locations on 3 days during that period. 

The highest number of locations for any single day was 10. Most of the Argos locations 

(82%) were in the A or B location classes (i.e., accuracy unknown). Because of the 

unknown en or in Argos locations in categories A and B, we based analysis of home 

range size on categories 1, 2, and 3 with estimated en ors: categ01y 1 <1000 m, categ01y 2 

<350 m, and categ01y 3 of <150m. To obtain a sample of accurate locations, we radio­

tracked the wolverine from the air 15 times during this 28-day period using the VHF 

signal. 

In 2008 we fitted 4 animals with ArgosNHF collars, but one of these collm·s 

failed after only a couple of weeks so the male Beaverdam was recaptured and collm·ed 

with a VHF-only collar. The nulliparous female Snowstorm was the last animal captured 

and was also outfitted with a VHF-only collar. Of the remaining 3 wolverines fitted with 

ArgosNHF collm·s in 2008, one was the adult male Moonshine also collm·ed in 2007 and 

2 new animals, a lactating female Sunshine and another adult female Mariner whose teat 

development indicated she had reproduced in the past. Sunshine appm·ently shed her 

collar or died sometime in late May; the VHF signal indicated the collm· was no longer 

moving (m01iality mode). She was not subsequently photographed even though cameras 

she had visited previously were stilled deployed in her home range after the m01iality 

signal was detected. We were not able to retrieve the collm·. Before the collm· stopped 

moving, we were able to locate the natal and maternal den sites she was using from her 

capture date on 28 Mm·ch 2008 lmtil her last known location. Female Snowstorm also 
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shed her VHF collar sometime in late May and an attempt to ren·ieve the collar was 

\Ulsuccessful; this female was later photographed at a camera site without the collar. 

Satellite reception of signals from the Argos n·ansmitters varied among collars on 

different wolverines. Ve1y few signals were obtained from the lactating female Sunshine, 

probably due to steep tenain arolllld her den site or poor signal reception from llllder 

snow, n·ees, and rocks where she denned. Satellite reception from the other adult female 

Mariner was good and indicated that she was probably not denning, a conclusion 

supp01ied by VHF relocation data. Satellite reception on the adult male Moonshine was 

relatively poor in 2008 compared to a similar collar he wore in 2007. Reasons for the 

poor reception were llilknown, but VHF locations showed that he spent more time in 

molllltainous habitat in 2008 than in 2007. VHF signal reception was good throughout the 

n·acking period and on only a few occasions were we llllable to locate collared animals, 

usually because inclement weather prevented us from searching widely for the signaL 

Home Range and Movements 

Figures 16-18 and 20-23 represent the core areas used by collared wolverines in 2008 

and in 2007 for Moonshine, an adult male that was the only wolverine n·acked during 

both years of study (Fig. 16). Moonshine's home range shifted in 2008, indicating an 

avoidance of the n01ihwestem end of his 2007 home range (Fig. 16). There was no 

overlap of Moonshine 's 2008 home range with that of the 2008 home range of the adult 

female Mariner to the west (Fig. 17). Moonshine's 2007 and 2008 home ranges included 

a camera site where adult female Zigzag was identified from photographs in all 3 years of 

the study. fu 2009 when Zigzag was identified from photographs as a lactating female, 

Moonshine was photographed at 2 camera sites visited by this female, indicating that the 

home ranges of these 2 wolverines overlapped at least in 2009 and probably earlier as 

welL Moonshine had a home range of 527 km2 in 2008 and none of this MCP included 

large bodies of water. 

fu conn·ast to Moonshine, the adult male Beaverdam had a home range of only 

163 km2
, which would have been even smaller if we had subn·acted open water from the 

calculation of home range size (Fig. 18). This male did not display the typical movements 

and home range characteristics of a resident adult male. He spent weeks in ve1y small 

16 

LIT-07670



areas, sometimes swimming sh01i distances ( <400 m) to near-shore islands and made 

occasional, relatively rapid movements armmd the perimeter of Thomas Bay. He was 

documented only once in the mountainous p01iion of the study area, where he was 

photographed at one of the camera sites. This animal had large, recent wmmds on his 

back and face when recaptured on 3 April 2008 (Fig. 19). 

Home ranges for female wolverines were larger than the home range for 

Beaverdam. The adult female Mariner had a home range of 308 km2 with no large bodies 

of water within her MCP (Fig. 20). Interestingly, this parous female was initially captured 

in Thomas Bay on 27 Febmmy 2008. Upon release she moved westwm·d over 20 km to 

her core home range in a 24-hour period (Fig. 21) and was not documented outside of 

that home range again from March-July 2008 or on cameras outside that range in 2009. 

Photographs from the motion-detection cameras indicated the presence of at least 4 other 

wolverines within Mariner's home range in 2008 (Sarge, Hoot, Morse, and Splish), but 

we only detennined the sex of 2 of these individuals, one of which was a non-lactating 

female (Sarge) and the other a male (Hoot).The non-lactating female Snowstorm had the 

lm·gest home range at 631 km2
, but the MCP included p01iions of the ocean (Fig. 22). We 

did not detect Snowstorm in the study m·ea in 2009. Her home range overlapped those of 

the other 4 radiocollm·ed wolverines. As mentioned above, we did not have enough 

locations to determine home range size or extent for the lactating female Sunshine in 

2008 (Fig. 23). 

Motion-detection Cameras 

In addition to cameras deployed for monitoring activity at live traps in 2008, we 

established 37 camera stations with Trailwatcher cmneras in a cmnera anay with a 

convex hull of 1,549 km2 and a camera density of 24/1,000 km2 (Fig. 24). The closest 2 

(i.e., nem·est-neighbor) cameras (#1 and #8) were 0.6 km apmi (sepm·ated by a 250-m­

wide chmmel between Ruth Island and the mainland). The greatest nem·est-neighbor 

distance was 9.6 km (#33 and #34). The cameras were operational for 5 to 108 days 

(median = 45 days) over a 165-day period (19 Janumy to 13 June). We used the data from 

this cmnera mTay to calculate density of wolverines in the study m·ea in 2008 (see density 

estimation below). 
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We obtained over 3,000 photographs in 2008 that showed at least a p01tion of a 

wolverine from the cameras. Wolverines were photographed at 27 of the 37 (73%) 

camera stations and 21 individuals were identified from photographs (Fig. 25), including 

all 5 of the animals collared in 2008 (mean= 0.57 individuals/camera). Two individuals 

live-trapped in 2007 (Lucky and Dave) did not show up at any camera site in 2008. 

The number of photographs taken of an individual wolverine dming a ''visit" to a 

camera site ranged from 1 to 218 with an average of20 photographs per visit. We defined 

a visit as the period between the first photograph and the last photograph taken of an 

individual wolverine before there was more than a 30-min break between photographs. 

Some wolverines spent less than a minute at the camera site while one spent as long as 

218 minutes. The highest number of visits by a single individual in a single day was 4. 

The same wolverine sometimes visited the same site on as many as 4 consecutive days. 

The highest number of individuals documented at any one site was 4. It was not 

uncommon for 2 different wolverines to be photographed at the same site on the same 

day. Sometimes visits by 2 different wolverines were made within an hom of each other. 

In one case, 2 wolverines were photographed at a camera dming the same visit, although 

they were not photographed together on the nm pole. On 6 occasions, an individual was 

detected at 2 different camera sites on the same day. The greatest straight-line distance 

between these camera sites was 11.7 km and the time between the visits to these 2 sites 

was 17 hr. The briefest time between visits by the same individual to 2 different cameras 

on the same day was 1.5 hr for 2 cameras that were 3.4 km apmt. On 2 occasions, 

wolverines were photographed at sites within an hom after om visit to maintain the 

camera. We were able to identify 2 lactating females (Cean and Sunshine) using the 

cameras dming March-May 2008. 

In 2009 we eliminated 13 stations from the 2008 camera an ay and added 5 new 

camera stations (accessible by boat and 4-wheeler) for a total of 29 sites in the 2009 

camera an ay (Fig. 26). We used multiple cameras (Trailwatcher and Reconyx) at the 

camera sites so that we could collect inf01m ation on sex and reproductive condition and 

dete1mine if wolverines were visiting the sites but not climbing onto the nm poles. 

Wolverines were photographed at 22 of the 29 (76%) sites and we identified 18 

individuals (average = 0.62 individuals/camera) (Fig 27). 
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Besides wolverines, mruiens (Martes americana), black bears, and bald eagles 

(Haliaeetus leucocephalus) accounted for most photographs on the cameras at the C&H 

stations. Among the species that also triggered the cameras while on the nm poles were 

mice (Peromyscus maniculatus), red squinel (Tamiascurus hudsonicus), flying squin el 

(Glaucomys sabrinus), weasel (Mustela erminea), mink (Mustela vison), porcupine 

(Erethizon dorsatum), crow (Corvus caurinus), Steller 's jay (Cyanocitta stelleri), and 

smaller bird species. Moose and deer sometimes triggered the cameras as they walked by. 

Only a single wolf (Canis lupus) was photographed at a C&H station in June 2009 as it 

walked by a camera. 

Hair-snagging 

In 2009 we collected 188 hair samples in 41 collections at 18 of the 29 ( 62%) 

C&H stations. After examining the photographs taken at the C&H stations, we selected 

35 collections for which we could determine which animal triggered the clips on the hair 

snagging device. In all but one collection, only 1 wolverine was responsible for triggering 

the clips with hair. In collection C36 _ 042509, 2 wolverines, Beaverdam and Sarge, 

triggered clips (Table 2). 

DNA Analysis 

Population Structure 

We took tissue samples from 23 wolverine carcasses pmchased from trappers across SE 

AK in 2007 and 2008. The DNA analysis from the cru·cass collection, as well as from 

carcasses from adjacent Canadian provinces of Yukon and British Columbia, provided 

the basis of a Masters thesis by J. Frances (University of New Mexico, Albuquerque) 

(Appendix B). The subject of the thesis was an analysis of the spatial structure and 

demographic hist01y of wolverine in N01ih America with an emphasis on peripheral 

populations, including SE AK. Results of this reseru·ch that ru·e paii iculru·ly relevant to 

the objectives of om study of reproductive females in SE AK ru·e the following: 

1) con oboration of previous studies indicating female genetic variation is spatially 

pruiitioned in wolverines (Tomasik and Cook 2005, Cegelski et al. 2006, 

Schwaliz et al. 2007), 
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2) baniers to gene flow seems to have a stronger effect on spatial genetic variation 

than geographic distance, 

3) in contmst to another relatively isolated population on the Kenai Peninsula, 

Alaska, the wolverine in SE AK has 2 private alleles, indicating possible reduced 

gene flow with neighboring Canadian populations and a pmiially isolated 

population, 

4) conoboration of Tomasik and Cook (2005) in which they recognized theSE AK 

wolverine as a distinctive population, 

5) island and mainland populations in SE AK m·e not distinctive, which is to be 

expected because wolverines only occm on nem·shore islands within the 

Alexander Archipelago, 

6) SE AK wolverines do not appear to be a post-glacial refugial population, and 

7) migration to and from SE AK appem·s to be male-biased, which could prevent 

inbreeding depression, although lower numbers of immigrant females may have 

implications from an ecological standpoint when populations m·e intensely 

hmvested. 

DNA Verification of Identity and Sex of Photographed Wolverines 

To reduce the cost of DNA analysis, we selected 35 collections for which om records 

indicated we had identifiable photos of wolverines associated with them and we could 

dete1mine which triggered clips were associated with the photographed animals. We 

subsampled in each collection when photos showed that only 1 individual had visited the 

site before the hair was collected or, in the case of a visit by > 1 individual, we could see 

in the photos which wolverine had triggered which clips. If we could not match a 

wolverine with a pmiicular clip and > 1 individual had potentially contributed hair to a 

single collection, then all samples in the collection were analyzed, but we had only 1 

occmTence of > 1 individual's DNA represented in a single collection (Beaverdam_M8 

and Sarge_F7; Table 2). The Wildlife Genetics Laborat01y perf01med DNA extractions 

on 74 samples using 9 vm·iable microsatellite loci and obtained quality DNA for 

genotyping 37 of the 74 samples (50%), which represented 28 of the 35 collections we 

had selected (80%). 
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We obtained identifiable photographs of wolverines at 22 of 29 (76%) stations. 

From photographs, we identified 14 individual wolverines that were associated with hair 

samples collected at the C&H stations (8 M, 6 F), while from DNA analysis of the hairs, 

we identified 13 individuals (8 M, 5 F). The DNA quality was too poor for DNA 

identification of female Zigzag. For those collections with good quality DNA, there was 

100% agreement between the photographic data file and the DNA data file , both in sex 

and individual identity. Six other collections also had poor quality DNA but we identified 

the individuals associated with these collections using photographs and so were able to 

assign a genotype to these collections. Two of the animals in the photographs wore 

radiocollars (Moonshine and Mariner). Therefore, we based our test of sex identification 

from photographs on the remaining 11 individuals that we genotyped. Our detennination 

of sex from photographs matched that from DNA in eve1y instance. 

Of the 13 individuals identified by both photographs and DNA, we identified 5 in 

only 1 collection and 8 in 2-6 collections (Table 2). All individuals identified from 

multiple collections were identified by both photographs and DNA in the same 

collections. In addition to the 14 individuals photographed at stations where hair was 

collected, 4 other individuals identified from photographs at C&H stations (1 M, 1 F, and 

2 of lmidentified sex) could not be genotyped because either the triggered clips had not 

snagged hair, the clips were aheady triggered by another animal, or the wolverines failed 

to trigger clips. We submitted a paper to the Journal of Wildlife Management on 2 

Febmmy 2010 on this method of integrating cameras and hair snags for detecting 

wolverines (Appendix C). 

Density Estimation 

Using the photographs from the 2008 camera anay and a spatial capture-recapture (SCR) 

model (Appendix A), we estimated the density of wolverines in the study m·ea at 9.7 

wolverines/1,000 km2 with a Bayesian confidence interval (BCI) of 5.9-15.0. Although 

we identified 21 wolverines from photographs in 2008, not all of these individuals were 

known unequivocally to be residents in the study area throughout the camera-trapping 

sessions. We detennined that a minimum of 18 of the 21 wolverines were resident in the 

study area in 2008 using the ad hoc model derived from telemetry, photographs, and 
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knowledge of wolverine spacing pattems over the period 2007-2009 (Fig. 28). We 

excluded 3 wolverines that had been photographed in 2008 (Chuck, Splish, and Splash) 

for which there was no evidence of their presence in the study area for 2 consecutive 

years. If these 3 additional wolverines had been residents entirely within the study area in 

2008, the ad hoc estimate of density would have been 9.8 wolverines/1,000 km2
, ve1y 

close to the estimate using the spatial hierarchical model. By excluding these 3 

individuals and assuming no wolverines went undetected by our cameras, we derived a 

minimum density estimate of 8.4 wolverines/1,000 km2 for the 2,140 km2 study area, 

considerably higher than the low estimate of 5.9 wolverines/1,000 km2 for the SCR 

model. 

Carcass Collection 

Besides the 23 carcasses used in the genetic analysis mentioned above (Frances 2008), 

we collected an additional 13 wolverine carcasses from trappers in Southeast Alaska from 

2006/2007-2009/2010 trapping seasons. Most of the purchased carcasses were males, and 

ve1y few of the carcasses from females showed indication of past reproduction. Analysis 

of these carcasses is ongoing. 

DISCUSSION 

Live trapping 

Evidence from our cameras indicated that some wolverines remained ve1y timid armmd 

the traps while others readily entered the traps even after they had been caught and 

radiocollared. Unless inf01mation from VHF or satellite collars is needed for specific 

research goals, such as location of natal dens, the C&H stations designed for this study 

provide a more effective and efficient method for obtaining population parameters for 

wolverines in remote areas that are difficult to access, especially for long-te1m 

monitoring studies. In two winters, we obtained inf01m ation on only 8 wolverines using 

live-capture techniques but were able to obtain in:f01mation on 25 wolverines with C&H 

stations. 
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ArgosNHF and VHF-only collars 

The ArgosNHF collars were adequate for obtaining general inf01mation on the location 

and movements of wolverines, except for the denning female Sunshine. Argos locations 

for this female were concentr·ated at her den sites dming the denning period but because 

the female spent so much time at the den site dming the tr·acking period, little inf01mation 

was available on the size and boundaries of her home range. VHF locations were also 

concentr·ated at the den site dming the period the collar was tr·ansmitting on active mode. 

Unforhmately, no more locations were possible for this female after the collar began to 

tr·ansmit in mortality mode in May. 

Although VHF locations were more expensive to acquire per location, detailed 

inf01mation on habitat use and movements was possible using aerial radiotr·acking, and 

we were able to tr·ack the wolverines over a longer period of time because the Argos 

tr·ansmitters only operated for approximately 4 months compared to 1 year for the VHF 

tr·ansmitters. None of the collared individuals dispersed out of the study area dming the 

period the radiocollars were tr·ansmitting so it was not necessa1y to use Argos tr·ansmitters 

to follow dispersing individuals, which is one of the main advantages of these satellite 

tr·ansmitters. If the main goal of a telemetry study is to locate natal dens and obtain 

inf01mation on resident female wolverines, we suggest that VHF telemetry is more useful 

than Argos satellite collars. GPS-collars downloadable to an Argos satellite show promise 

as the ideal telemetry platf01m for wolverines but these units are still too large and bulky 

for wolverines. 

Home Range and Movements 

Centers of activity based on Argos locations showed no substantial deviations 

from 100% MCP home ranges derived from VHF relocations, indicating that the areas 

depicted in Figmes 16-18 and 20-23 are accmate representations of the center of activity 

of the collared animals dming the period their tr·ansmitters were operating. Home range 

size for 4 individuals with at least 20 relocations from March through July falls within the 

published home range sizes of wolverines in other study areas (Persson et al. 2009), 

except for the adult male Beaverdam. This male did not display the typical movements 

and home range characteristics of a resident adult male. The recent wmmds on his back 
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and face when recaptured on 3 April 2008 indicated that he probably had been fighting 

with another wolverine. All these factors suggest that this male was likely a "floater" 

(i.e., non-tenitorial individual) moving through ten itories of other wolverines. The 

nulliparous female Snowstorm, having the largest home range of the radiocollared 

wolverines, was likely a "floater" as well and moving through the ten itories of other 

females (M. Aronsson, Grimso Wildlife Research Station, Sweden, unpublished data). 

Adult male wolverines defend ten itories that contain the ten itories of a number of 

adult ten itorial females (Persson et al. 2009) and wmmding on wolverines captured and 

photographed in our study area indicated that intraspecific aggression increases in late 

winter. Of the 5 radiocollared wolverines that were tracked during late winter in our 

study area, only one, Moonshine, appeared to be a tenitorial adult male. In 2007 

Moonshine's ten it01y included the area used by Mariner in 2008 and probably used by 

her in 2007 as well. We believe that Sarge, detected on camera in 2008, was Mariner's 

daughter and would have been bom in 2007. Moonshine did not include Mariner's home 

range in his own home range in 2008, however. Instead, in 2008, Moonshine 

concentrated his movements in a p01iion of the study area (Fig. 29) that included an area 

used by Zigzag (a parous female) and an lmdetennined female to the n01iheast, possibly 

Skinny. We photographed Skinny over a 2-year period in this area and detected a new 

female (Glacier) at the same camera site in 2009, which could have been a daughter of 

Skinny. Unf01iunately, we were not able to verify lactation or collect hair from Skinny for 

DNA analysis. If Zigzag, Mariner, and Skinny were ten itorial females on the noti h side 

of Thomas Bay in 2008, then it is probable that another, lmdocumented tenitorial female 

occupied the area east of Mariner in 2008 (Fig. 30). It is possible that Morse was the 

ten itorial male in this area in 2008, an area not used by Moonshine in either 2007 or 

2008, but we were not able to verify sex of Morse. He was detected in this area in 2009 

as well. 

Density of cameras and number of operational days was greater on the south side 

of Thomas Bay than on the notih side. We believe we probably documented all tenitorial 

females in this area. Fmi hetmore, because Paleface was documented in all 3 years of the 

study in the notihem p01iion of this area, we believe he was the tenitorial male in the 

home range of Sunshine and Cean. Another male, Little Spot, was photographed in the 
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southem half in all 3 years of the study. DNA analysis of the genetic relationship of the 

wolverines in our study area is ongoing. 

Hair-snagging 

Using photographs that showed the individual that triggered the alligator clips, we were 

able to subsample from between and within the hair collections without compromising 

our ability to identify all individuals that left hair at the C&H stations. This is one 

advantage of using alligator clips rather than barbed wire for snagging hair from 

wolverines (e.g., Mulders et al. 2007, Fisher et al. 2009). Moreover, we believe that 

alligator clips are superior to barbed wire in ease of deployment and the additional 

inf01mation provided by linking DNA identity with photographs of the individuals. By 

associating a genotype with a unique ventral pattem, subsequent hair collections can be 

so1ied by individual and would not require DNA analysis if photographs indicate a 

known individual. Eff01i can then be concentrated on obtaining hair at C&H stations 

where photographs indicate wolverines without a genotype are using the site, including 

new individuals that may be offspring of known individuals. For large-scale or multi-year 

studies, limiting the number of hair samples that must be analyzed for DNA while 

ensuring a comprehensive database of individuals in the study could potentially save 

thousands of dollars in laborat01y costs. 

In this study, we linked genotype to 5 individuals identified in photographs by 

their ventral pattems using a single hair collection each. However, we recommend that, 

whenever possible, at least 2 hair collections are used to link ventral pattems to genotype 

to cross-validate the linkage. We also strongly recommend that only the full frontal 

ventral pattems (i.e., all of the throat and chest) be linked to genotype to avoid incon ect 

associations in subsequent collections of photos and/or hair (see discussion on 

photographing wolverines at C&H stations). Fmihe1more, if there is any doubt that a 

pruiicular alligator clip was triggered by the wolverine in the photograph, then at least 

one more additional hair collection for that individual should be analyzed for genotype. 

Loose hairs on the hair-snag structure should not be used to link genotype with a 

pruiicular wolverine, even if no other wolverine was photographed at the site, to prevent 

mistakes in matching DNA to the con ect wolverine. Even if photographs indicate that 
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loose hairs are almost certainly from a particular individual, verification from another 

collection should still be made before assigning a final genotype to that individual. 

Motion-detection Cameras 

Motion-detection cameras made it possible to identify 21 different wolverines at C&H 

stations in 2008 and an additional 4 individuals in 2009. Because live-trapping 

wolverines was not feasible in the remote mountainous p01tions of the study area, 

documenting wolverines with motion-detection cameras and/or DNA from hair samples 

was the only way to detetmine the distribution and number of wolverines using the area. 

The initial expense of cameras was off-set in this multi-year study as we gained more 

inf01mation from the cameras each year and the photographs made it possible to select 

among hair samples for DNA analysis, which considerably reduced our laborat01y costs. 

The features we found to be most imp01tant in selecting a camera model for 

documenting ventral pattems, sex, and lactation in wolverines were 1) ability to focus 

quickly and consistently provide shatp photographs, 2) flash selection day and night, 3) 

dependability in inclement weather, 4) large capacity mem01y cards that outlast the 

charge on the batteries, and 5) good service from the supplier. Ease of operation and 

small size of the units were also advantages. However, there was no perfect camera on 

the market. Cameras that use mechanical patts such as lens covers that open and close or 

lenses that focus by moving in and out (e.g. , Trailwatcher) must be reset after spells of 

cold weather in which temperatures fall below - 23° C. Some wolverines may be 

intiinidated by cameras with a white flash or by the sound of the cameras operating, and 

wolverines may need to become accustomed to them before they will spend time on nm 

poles. While the infrared Reconyx cameras are not affected by cold weather and do not 

flash (except for the infrared glow), they are more likely to produce bluny photos, photos 

in black and white with less detail, and have no white flash to fill in shadows or produce 

shatp color photos under all lighting conditions. In our experience, most wolverines 

became accustomed to the white flash of the Trailwatcher cameras, but we recommend 

that after a wolverine makes 2 visits to a C&H stations with a Trail watcher (or other 

white flash camera) without attempting to access the bait, the Trailwatcher should be 

replaced with a Reconyx camera until the ventral pattem is photographed and the 
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wolverine accesses the bait. Afte1wards, the Reconyx can be replaced with a Trailwatcher 

for more detailed photographs. 

DNA Analysis 

Population Structure 

Preliminruy results of DNA analyses from wolverine cru·cass collections suggest that the 

glaciated p01iions of the SE AK panhandle may se1ve as a pa1iial bruTier to dispersal for 

the female segment of the wolverine population, thereby limiting interchange between SE 

AK and adjacent Canadian province (Frances 2008). Although there is no reason to 

assume that females are less able than males to traverse the glaciated p01iions of SE AK, 

a number of factors may make it less likely for females than males to immigrate into SE 

AK from Canada. Female wolverines often inherit their mother's home range or establish 

a home range adjacent to their mother (M. Aronsson, Grimso Wildlife Research Station, 

Sweden, unpublished data) while male offspring always disperse to new ru·eas. Moreover, 

because tenitorial males have home ranges that are several times lru·ger than those of 

tenitorial females, there are more non-resident males in the population. Therefore, 

immigrants from Canadian provinces ru·e more likely to be males. Fmiher studies ru·e 

needed to clru·ify the difference, if any, in dispersal pattems of male and female 

wolverines in SE AK and adjacent provinces. Analysis of population viability and 

sustainable wolverine hruvests must take into consideration the fact that movements of 

wolverines into and out of SE AK may be low relative to many other wolverine 

populations in Alaska and Canada. 

DNA Verification of Identity and Sex of Photographed Wolverines 

The integrated system of cameras and hair snags that we tested dming this study provides 

a new, non-invasive method for obtaining infonnation on wolverine populations that will 

be useful for conse1vation and management of this species. Besides providing 

inf01mation on ID, sex, and genotype as in this study, the C&H monitoring technique has 

the potential to provide data on frunilial relationships and movement pattems of 

uncollru·ed individuals based on DNA, smvival rates in multi-year studies, lactation in 

females, reproductive status of males, centers of activity, population density using 
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capture-recapture models, and behavioral infmmation such as association of individuals 

based on the date and time stamp on photographs. In fact, we believe that the full value of 

the system will not be realized lmtil other researchers and managers apply the technique 

to their pa1ticular conservation and management needs. Additional infmmation on 

familial relationships and survival of wolverines photographed at the C&H stations will 

be fmthcoming fi:om this study. 

Density Estimate 

The estimates of wolverine density for our study area in 2008 using both the spatial 

hierarchical model and the ad hoc model combined provided a density estimate that is at 

the upper end in the range of densities published for this species. The lower BCI for the 

spatial hierarchical model (5 .9/1,000 km2
) is well below the known minimum density of 

8.4 wolverines/1,000 km2 derived with the ad hoc model and based on identified resident 

wolverines in 2008. Therefore, the actual density for wolverines in the study area in 2008 

probably falls between 8.4 and 15.0 wolverines per 1,000 km2
. The upper BCI 

(15.0/1,000 km2
) is higher than the highest densities repmted from other studies (Persson 

2005, Golden et al. 2007, Mulders et al. 2007). Even if we had counted all wolverines 

photographed in 2008 as resident animals, our ad hoc estimate would have been 9.8/1,000 

km2
. A density of 15.0 wolverines/1,000 km2 would have required an additional 11 

undetected, resident wolverines ~1-year-old in the study area during the camera-trapping 

period, and this is ve1y unlikely given the spatial pattem of the animals that were detected 

[Note: we did not include newbom wolverines in either of the density estimates because 

these kits would not be detectable on cameras during the camera-trapping period, and we 

did not attempt to document kits at dens]. 

We probably did not photograph all residents in the nmthem pmtion of our study 

area because we could not check these camera stations as often as we checked camera 

stations in the southem portion, which reduced the number of ftmctional days for the 

nmthem cameras. Of the 14 camera stations nmth of Fanagut Bay, 10 (71%) ftmctioned 

for <46 days, while south of Fanagut Bay, only 9 of 23 cameras (39%) ftmctioned for 

<46 days, which was the average number of ftmctional days for all cameras. As 

mentioned above, the radiocollared adult male Moonshine made regular trips into the area 
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n01th of Fan agut Bay, an indication that at least one parous female (possibly Skinny) 

probably occupied this area and possibly offspring of this female. In addition, there may 

have been another adult female and offspring in the area immediately east of Mariner's 

home range (Fig. 30). However, resident females may be temporarily absent from 

previously occupied tenitories and not immediately replaced by another female 

(.Aronsson 2009), as it appears to be the case for Sunshine, a radiocollared lactating 

female that probably died in May 2008 and was not replaced in 2009 (see discussion in 

the next section). Based on all the evidence, we suggest that an estimate of 9 

wolverines/! ,000 km2 is a reasonable conservative estimate of density for our study area, 

at least under conditions that prevailed in 2008. 

We expect that the density of wolverines in our study area fluctuates over time 

depending on the survival and reproductive rate of resident animals and the rate of 

immigration and emigration. Therefore, the density estimate for 2008 should be 

considered only a point estimate and was probably influenced by the relatively low 

harvest of wolverines in the study area in 2007 and 2008. However, the density of parous 

females is more imp01tant than overall density of wolverines in the study area because 

smv ival of adult female wolverines is the most imp01tant population parameter in viable 

populations of wolverines (Magmm 1985, Persson 2003). Of the 21 wolverines that were 

photographed in the study area in 2008, 4 (Mariner, Zigzag, Sunshine, and Cean) were 

known to be parous females and we suspect that at least one other, either River or 

Cowgirl, was also a parous female (the other her daughter). Finally, it is possible that 

Skinny was also a parous female but photographs were inconclusive. Based on 

inf01m ation from radiotelemetiy, camera u·apping, inf01m ation on wolverine spatial 

st111cture, and habitat features of the study area, the density of tenitorial females in the 

study area was probably between 2-411000 km2 and that density is likely to remain fairly 

stable as long as food resources are stable and the ha1vest rate of parous females remains 

low. 

Habitat Associations and Movement Pattems of Reproductive Female Wolverines 

In smnma1y, based on our radiotelemetiy data, photographs from C&H stations, and 

knowledge of wolverine spatial stiucture (M. Aronsson, Grimso Wildlife Research 
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Station, Sweden, unpublished data), at least 7 reproductive females probably lived 

entirely within the study area in 2008, and 6 of these 7 females were also detected in 

2009. We believe that Sunshine died dming May 2008 because her transmitter was heard 

on mortality mode and she was not photographed again either in 2008 or 2009. Cameras 

in her old home range did not detect another female there in 2009. Because habitat at the 

nmthem end of the study area is continuous with habitat nmt h of the study area, the 

wolverine Chuck, who was photographed at a single C&H station at the nmthem tip of 

the study area in 2008, could have resided largely outside the study area and was not 

photographed in 2009 at that station. In 2008 there were 3 additional females in the study 

area: Sarge, residing within the home range of Mariner; Snowstorm, a radiocollared 

female that ranged across the home ranges of several females; and Cowgirl, photographed 

at a site where River was also photographed. DNA analysis of the familial relationships 

of these females is ongoing. The female Snowstorm, who appeared to be nulliparous, was 

not photographed again in 2009 and possibly dispersed outside the study area or died. In 

2009, a new female was photographed in the home range of Skinny. If this female, 

Glacier, was a daughter of Skinny, then by the end of om field work in Jlme 2009, there 

were at least 3 females present within the study area that could potentially replace 

Sunshine, or any of the other reproductive females, without the need for dispersers from 

outside the study area. In satmated wolverine populations, deceased tenitorial females 

are usually replaced by daughters or by dispersers rather than the empty tenitories being 

absorbed by a neighboring female; in Sweden 53% of the replacers were daughters (M. 

Aronsson, Grimso Wildlife Research Station, Sweden, unpublished data) . The Swedish 

studied showed, however, that only 31% of the females reoccupying vacated tenitories 

produced ymmg in their first denning season. The mean time before there was another 

reproduction within the teiTitmy of a replaced female in Sweden was 2.2 years (range 0-7 

years). There is no infmmation on what replacement time is for harvested populations or 

for populations that are geographically isolated. 

We dete1mined the location of one natal den dming the study, in a stand of trees 

upstream of Scene1y Lake at an elevation of ~350 m. Snow was ve1y deep at this 

elevation and lasted well into June. Other reproductive females probably also denned at 

higher elevations, pa1ticularly in steep-sided mmmtain valleys where snow is still deep in 
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May. Photographs of the reproductive females were more frequently obtained at camera 

sites at elevations >300 m. For example, the female Cean was lactating in 2008 and 2009 

and was photographed most frequently upstream of Swan Lake in both years, where we 

suspect she had a den in those years. Den sites are probably not limiting for reproductive 

females because of the abundance of snow in early spring, avalanche debris, large fallen 

trees, and rocky areas known to be used as den sites by wolverines (Magmm and 

Copeland 1998). 

We believe the distribution of reproductive females is largely influenced by the 

disn·ibution of mmmtain goats in the study area and that mountain goat numbers need not 

be high to suppmt a reproductive female. For example, the Fanshaw Peninsula south of 

Pmt Houghton has some of the lowest mmmtain goat numbers in the study area (ADFG 

unpublished goat survey data), yet reproductive female Mariner and another female 

(Sarge) maintained home ranges on the Fanshaw Peninsula (Fig. 30) in both 2008 and 

2009. We believe Sarge is a daughter of Mariner, probably bom in late winter 2006, 

indicating that Mariner reproduced successfully in this area despite relatively low goat 

numbers. 

There are no population estimates for other lmgulates in the study area. Deer and 

moose probably occur in the diet of wolverines in some pmtions of the study area, but 

they are not likely to be as impmtant as mountain goat in the diet of reproductive females 

in our study area. Other potential food items include ptannigan (Lagopus sp.), blue 

grouse (Dendragapos obscurus), porcupine, beaver, mmmots (Marmota caligata), and 

other small mammals. Mmm ots may be especially impmtant for reproductive females 

raising young during the summer (Lofroth et al. 2007). Wolverines may also scavenge 

carcasses of black bem·s, which m·e common in the study area, and sometimes die in 

winter dens or are killed by other black bem·s. Bear hlmters leave pmtions of bear 

cm·casses in the field, mostly along beach m·eas during the spring bear-hlmting season, 

but usually these cm·casses are rapidly consumed by bald eagles (D. Benitz, personal 

commlmication). Sn·eams in the study area suppmt salmon 1uns in the fall and 

occasionally sea lion cm·casses wash up along the beaches in the study m·ea (D. Benitz, 

personal communication), so we assume that marine sources of food are seasonally or 

periodically available for some wolverines in the study m·ea, although they are unlikely to 
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be critical food items in the diet of reproductive females during most of the denning and 

kit-rearing period. 

Because suitable habitat for wolverines in our study area occurs in a relatively 

nanow band between the coast and the Stikine Icefield, home range bmmdaries of most 

reproductive females in the study area include a p01iion of the coast that is accessible to 

trappers by boat (Fig. 30). We detected all of the reproductive females except Skinny at 

C&H stations at sea level during the study. Even when a home range does not include 

pali of the coastline, females may occasionally travel outside their home range 

bmmdaries. We captured the female Mariner in a live tr·ap in Thomas Bay in Febma1y 

2008 even though her home range (based on radiotelemetry and photographs) for the rest 

of 2008 and for 2009 was on the Fanshaw Peninsula. She would have had to tr·avel 

through or along the boundruy of the home range of Zigzag to access our live-tr·ap site in 

2008. From our analysis of probable home range boundru·ies and movements of 

reproductive females, we concluded that all wolverines in the study area could potentially 

be exposed to tr·apping if tr·appers were active along all ru·eas of the coast from LeConte 

Bay to the head of Poli Houghton. However, wolverine harvests from the study area have 

been limited to Thomas Bay and LeConte Bay in recent yeru·s. 

CONCLUSIONS 

Habitat associations, spatial structure, and ecological requirements of reproductive 

female wolverines in our study area, and probably on the mainland of SE AK in general, 

appear similar to that of other montane populations of wolverines in N01ih America 

(Brock et al. 2007, Copeland et al. 2007, Krebs et al. 2007, Lofroth and Krebs 2007), 

with mmmtain goats being the main lmgulate associated with the distr·ibution of 

reproductive females across the study area. Snow cover in early spring was more than 

adequate for denning females, as were snow-covered denning structures such as downed 

tr·ees and rocky areas. 

Wolverine density in the study ru·ea in 2008 was among the highest rep01ied for 

wolverine populations, and the density of reproductive females was probably neru· the 

maximum the study ru·ea could supp01i, given the even distr-ibution of females in the 

study ru·ea, the low m01iality of females during the study, and low tr·apping pressure 
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before and dming the study. Trapping pressme, pruticularly on reproductive females, 

appears low across most of SE AK at the present time. In 2009, a reduction in the length 

of the trapping season for wolverines in SE AK provides fmt her protection for 

reproductive females dming the denning season. Future analyses of wolverine harvests 

should include a method for detetmining the number and percentage of parous females in 

the hruvest, and management objectives should focus on limiting the take of pru·ous 

females if hruvest levels increase appreciably in SE AK. 

Possible resomce development on the mainland of SE AK, including logging, 

mining, and hydroelectric development at high elevation lakes, is a concem when 

considering sustainability of wolverine populations. Road building and increased human 

traffic, increased access for trappers, and disturbance of high elevation areas used by 

reproductive female wolverines all have the potential for changing the number and 

distribution of wolverines in SE AK, not only locally where these resomce developments 

occm, but over a wider area because of the restricted dispersal potential of wolverines in 

SE AK. Cumulative effects of resomce development on wolverine populations in SE AK 

should be the major focus of wolverine consetvation eff01ts in the region. Monitoring 

wolverine populations before resource development occms would provide inf01mation on 

the effects of resomce development and on potential mitigation of negative effects. 

LONG-TERM MONITORING OF WOLVERINES 

The lmique ventral pattem on wolverines and the species' tenitorial social system, 

tendency toward natal philopat:Iy among the female segment of the population, and 

scavenging lifestyle make them an ideal candidate for using baited camera stations to 

monitor changes in imp01tant population parruneters such as reproduction and smvival, 

sex ratio, and emigration/immigration, prut iculru·ly when combined with genetic data 

from hairs collected at the camera stations. Wolverines have a social system based on 

int:I·asexual tenitoriality in which females defend exclusive tenitories and tenitories of 

males overlap those of several females. Recent reseru·ch (M. Aronsson, Grimso Wildlife 

Reseru·ch Station, Sweden, unpublished data) has demonst:I·ated that, at least in satmated 

populations, female tenitories are fairly stable over time, resident females have relatively 

high fidelity to their tenitories, and tenitories that are vacated by death or movement of 
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the resident female are quickly reoccupied, often by daughters or other related females. 

This system of spatial stmcturing of the female segment of the population not only 

influences the social dynamics but also the population dynamics of local populations 

including reproduction rate. While female tenit01y size and placement are thought to be 

influenced to a large degree by food resources, male tenitories are influenced by the 

number and disn·ibution of female tenitories. Therefore, a system designed primarily to 

monitor female tenitories will provide inf01mation on the male segment of the population 

as well. Consider that, although we had 44 C&H stations deployed in our study area over 

the 3 years of the study and detected 28 individual wolverines in that time period, just 9 

C&H stations would have detected all these individuals had we known which stations 

would be the most productive before we began the study. In a hair-snag study of 

wolverines in Albeita, a similar pattem of visitation to ceitain hair-snag stations by both 

male and female wolverines indicated that a long-te1m monitoring project could be 

designed around a limited number of C&H stations properly placed. Suitable wolverine 

habitat for the reproductive segment of a wolverine population will have consistent, 

predictable resources needed for reproduction and, except for moderately or heavily­

harvested populations, will contain saturated populations with stable female tenitories 

over time. It should be possible to identify these areas and establish centers of activity of 

tenitorial females with a broad anay of camera stations and, within 2-3 years, reduce the 

number of camera stations needed to n·ack changes in the population, concenn·ating 

cameras in the teiTitories of the reproductive females. A harvested population of 

wolverines should show a higher tmnover rate, a different sex and age ratio than that of 

resident animals, and a lower proportion of lactating females than adjacent unn·apped 

populations. 

Our integrated system of motion-detection cameras and hair snags provides a 

cost-effective way of obtaining inf01mation on individual ID, sex, genotype, familial 

relationships, large-scale movement pattems based on DNA, survival rates in multi-year 

studies, lactation in females, reproductive status of males, tmnover rate of reproductive 

females, centers of activity of individuals, population density using captm·e-recaptm·e 

models, and behavioral inf01mation such as association of individuals based on the date 

and time stamp on photographs. Moreover, the technique substantially reduces the costs 
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of genetic analysis of the wolverines visiting the C&H stations. Selection of monitoring 

sites requires consideration of habitat characteristics including human developments, 

wolverine harvest hist01y, and access to the sites, in addition to well-defined objectives 

for the monitoring eff01i and means of evaluating the results. We recommend the 

following protocol for establishing monitoring sites once the pmpose of the monitoring 

eff01i has been defmed and methods for data management and analysis have been 

established. 

Selected C&H stations should be set up and prebaited the first winter to "prime" 

the stations for the following camera-u·apping season. Results of the camera-u·apping 

project near Petersbmg demonsu·ated that wolverines remember the location of food 

somces and will retum repeatedly to these sites even when baits have not been available 

for months, possibly years for long-te1m residents. However, it sometimes takes 

wolverines a long time, even as much as a whole winter season, to locate a somce of food 

within its home range. By prebaiting the stations before staliing the first season of 

camera-u·apping, encmmter histories at camera stations for resident wolverines will not 

be biased by the time it takes to set up the stations across the study area or for the 

wolverines to fmd the baited stations. Moreover, C&H stations lmknowingly placed near 

sites that already atu·act resident wolverines (e.g., near avalanche paths where they have 

fmmd carcasses in the past) will not be more likely to be encountered in the first year of 

monitoring than in subsequent years. 

At the beginning of the monitoring eff01i, cameras should be placed at a density 

of at least 1 C&H station/100 km2
. This density may not be sufficient to locate all female 

tenitories in the study area, but the goal is to sample a prop01iion of the female tenitories 

disu·ibuted as evenly as possible over the study area. For a dense population, camera 

stations as close as 7 km may be necessa1y to detect all resident females (Mulders et al. 

2007). The C&H stations should be nm from November to the end of April for the first 2 

or 3 years to dete1mine the prop01iion of dispersers that may be in the monitored 

population dming the peak of dispersal in March and April. At least 2 camera-u·apping 

seasons, but more likely 3, will be necessruy to identify centers of activity of resident 

females because wolverines do not necessarily lactate eve1y season and often skip one or 

more yeru·s between reproductions. After the third season, the camera sites that produced 
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the highest retum in photographs of lactating females should be selected for long-te1m 

monitoring. The monitoring season can then be sh01i ened to include only the months of 

March and April when females are lactating, although a sh01i, early winter camera­

trapping session may be useful for identifying cmTent year offspring of the resident 

female. 

COMPLETION OF PROJECT OBJECTIVES 

All objectives were met: 

1. We provided the first inf01m ation on wolverine movements, home range, and 

denning habitat in a coastal ecosystem. 

2. We used digital motion-detection cameras to gather additional inf01mation on the 

distribution and numbers of wolverines in the study area. 

3. We captmed hair from photographed wolverines and validated the effectiveness 

of photo-IDs in establishing the identity and sex of wolverines. 

4. We derived a population estimate for wolverines in the study area in 2008 using a 

new spatial captme-recaptm e model. 

5. We collected tissue samples from harvested wolverines across SE AK, as well as 

hair from live-trapped wolverines and wolverines visiting camera sites, and 

through the University of New Mexico provided an analysis of wolverine 

population stm ctme and interchange with adj acent regions. 

6. We evaluated and refined an integrated camera and hair snag (C&H) technique as 

a method for estimating wolverine distribution and population density, as well as 

recommended a targeted protocol for monitoring wolverines over the long te1m. 

DELIVERABLES 

1) Final rep01i to ftmders; deadline 28 Febma1y 2010. 

2) Publication of a paper on the integrated camera and hair snag technique for 

monitoring wolverines; submitted on 2 Febmruy 2010 to the Journal of Wildlife 

Management; cmTent status in review. 
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3) Publication of a paper on the spatial capture-recapture model used for estimating 

density in our study area; submitted 18 Febmruy 2010 to the Journal of Wildlife 

Management; cmTent status in review. 

4) Publication of a paper on an open population model for estimating wolverine 

density and smvival for long-te1m monitoring projects; submission deadline set 

for 31 October 2010. 

5) Publication on genetics of wolverines in Southeast Alaska; submission deadline 

31 October2010. 

6) Detailed manual on monitoring wolverines with C&H stations; publication of the 

manual set for 31 October 2010; distribution through The Wolverine Foundation, 

Inc. and Wildlife Conservation Society Canada. 

7) Publication of a paper on maintaining sustainable populations of female 

wolverines in harvested populations; submission deadline set for 2011. 
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Table 1. Names and sex of wolverines, detected by either live-trapping (L) or 

photographing (P), in the study area on the mainland of Southeast Alaska near 

Petersburg from 2007- 2009. Alllive-u·apped wolverines were also photographed 

in the study area except Dave and Lucky. 

Wolverine Sex 2007 2008 2009 
Cean F L p p 

Cowgirl F p p 
Glacier F p 

Mariner F L p 

River F p p 

Sarge F p p 
Skinny F p p 

Snowstorm F L 
Sunshine F L 
Zigzag F p p p 

Baird M p p 

Beaverdam M p L p 

Bee bee M p 
Big Spot M p 

Castor M p 

Dave M L 
Hoot M p p 

Iceberg M p 
Little Spot M p p 

Lucky M L 
Moonshine M L L p 

Ninja M p 

Paleface* M p p p 

Pinkv M p p p 

Chuck u p 
Morse u p p 

Splash u p 
Sp/ish u p 

*Sex not verified but this wolverine occupied the home 
ranges of two different reproductive females for 3 

years so he is assumed to be a male. 
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Table 2. Comparison of the identity and sex of wolverines from photographs and DNA 

collected at camera & hair-snag (C&H) stations on the mainland of Southeast 

Alaska near Petersbmg in 2009. The collection number includes the C&H station 

number (e.g. , C5) and the date the hair samples were collected (mm,dd,yy). The 

DNA ID colmnn includes the sex and ID number for each individual. The 

photograph ID is the conesponding name given to each individual. The right-hand 

colmnn is the sex of the individual identified from photographs. 

Collection #samples DNAID Photograph ID Sex 
C5 040909 3 F3 Rh.er F 
C6 050209 6 M1 Pinky M 
C7 042209 2 poor DNA Pinky M 
C9 040209 5 M11 Moonshine M 
C9 041809 1 M1 Pinky M 

C10 040209 8 M2 Baird M 
C10 041809 3 M1 Pinky M 
C10 050209 12 M2 Baird M 
C12 041909 3 F3 Rh.er F 
C13 041809 1 M1 Pinky M 
C13 051809 9 M9 Castor M 
C13 061209 2 poor DNA Zigzag F 
C14 040209 2 M1 Pinky M 
C20 040309 3 M2 Baird M 
C20 042509 2 M2 Baird M 
C20 051009 5 M2 Baird M 
C21 051009 4 M12 Beebee M 
C22 061009 10 F6 Cean F 
C22 062009 7 F6 Cean F 
C23 033109 2 M10 Uttle Spot M 
C23 041309 4 poor DNA Uttle Spot M 
C24 041309 8 F3 Rh.er F 
C24 042509 1 poor DNA Rh.er F 
C25 040309 13 F7 Sarge F 
C25 041409 5 F5 Mariner F 
C25 042509 4 F5 Mariner F 
C25 051809 8 poor DNA Mariner F 
C27 051809 1 poor DNA Zigzag F 
C33 040309 5 F4 Glacier F 
C33 042509 5 F4 Glacier F 
C36 042509 4 M8 Bea-.erdam M 
C36 042509 1 F7 Sarge F 
C36 051809 4 M8 Bea-.erdam M 
C39 041309 8 M13 Big Spot M 
C39 042509 1 poor DNA Big Spot M 
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Figure 1. Wolvetine study area from 2007-2008 on the mainland of Southeast Alaska near Petersbmg, 
showing locations of Game Management Units 1B and lC. 
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Figure 2. Wolveiine standing in front of a wooden live trap on the mainland of Southeast Alaska near 
Petersbmg in 2007. 
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Figure 3. Rolled leather collar with Argos satelliteNHF transmitters on a male wolve1ine captured on the 
mainland of Southeast Alaska near Petersburg in 2007. 
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Figure 4. Size of teats on a female wolverine on the mainland of Southeast Alaska near Petersburg in 
January 2007, before she had kits (top photo) and in May 2009, while she was lactating (bottom photo). 
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Figure 5. Abdominal area of a hand-reared male wolverine (top) showing size of testes of the male as a 
yearling (bottom left) and as a 2-year-old (top and bottom right). 
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Figure 6. Ventral pattem of a male wolve1ine captured in a live trap on the mainland of Southeast Alaska 
near Petersburg in 2008. 
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Figure 7. An adult female wolveiine photographed in an upright position as she was recovering from the 
tranquilizing chug after being captured in a live trap on the mainland of Southeast Alaska near Petersburg 
in 2007. 

49 

LIT-07703



Figure 8. Set up ofnm poles in2008 for photographing ventral pattems (a) and in 2009 for photographing 
ventral pattems and collecting hair (b) from wolvetines on the mainland of Southeast Alaska near 
Petersburg. 
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Figure 9. Hair-snagging structure made ofUHMW black plastic and steel alligator clips mounted on nm 
poles for an integrated system of photographing wolverines while simultaneously collecting hair for DNA 
analysis in a study of wolverines in 2009 on the mainland of Southeast Alaska near Petersburg. 
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Figure 10. Snag posts on a prototype of a hair-snagging stmcture at the end of a nm pole showing 5 
trigger clips on each snag post. All trigger clips are held open by base clips insetted into the plastic snag 
posts. 
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Figure 11. Wolverine hair in a trigger clip collected at a camera & hair snag station in 2009 on the 
mainland of Southeast Alaska near Petersburg. The trigger clips are attached to a snag post using lanyards 
and spring clips, which are snapped onto eye screws insetted into the snag posts. 
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Figure 12. Wolverines on the mainland of Southeast Alaska near Petersburg in 2009 before (top left) and 
after (top light) dislodging trigger clips on the snag posts of a nm pole set up to obtain photographs of 
ventral pattems while simultaneously collecting hair for DNA analysis. The trigger clips are attached to 
the snag posts with a lanyard and spting clip attached to eye screws in the snag posts (bottom left). The 
base clips (bottom middle) are mmmted onto the snag posts where they hold the trigger clips (bottom 
right) open. 
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Figure 13. Identifying sex of wolverines from photographs taken by motion-detection cameras on the 
mainland of Southeast Alaska near Petersburg in 2009. Testes may be difficult to see in photographs of 
yearling male wolverines. 
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Figure 14. Injuries to a male wolve1ine (Lucky) live-trapped on the mainland of Southeast Alaska near 
Petersburg in 2007, including blindness in the 1ight eye. Some wounds are fresh and others have healed. 
This wolverine also had many porcupine quills in its face when it was captured. Wounds of different 
degrees were common on the wolverines in the study area, but only 2 other male wolverines (Beaverdam 
and Pinky) had wotmds this se1ious. All 3 males appeared to be floaters in the wolve1ine population in the 
study area. 
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Figure 15. Drops of milk from the mamma1y gland of a lactating female wolverine live-trapped in March 
2008, on the mainland of Southeast Alaska near Petersburg. 
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Figure 16. Home range bmmdaties (Argos and VHF) of male wolverine Moonshine in 2007 and 2008 on 
the mainland of Southeast Alaska near Petersburg. This male was also photographed in the area in 2009. 
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Figure 17. Home range boundaries of wolverines collared in 2008 on the mainland of Southeast Alaska 
near Petersburg. Moonshine and Beaverdam were males. 
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Figure 18. Home range bmmda1ies of male wolverine Beaverdam in 2008 on the mainland of Southeast 
Alaska near Petersburg. 
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Figure 19. Wmmds on the back and head of male wolverine Beaverdam at the time ofhis capture on3 
Aptil 2008 on the mainland of Southeast Alaska near Petersburg; much of the hair was gone from the 
center of its back where there were several bite marks. The long cable is the antenna for the VHF 
transmitter. 
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Figure 20. Home range bolUldaries of parous female Mariner in 2008 on the mainland of Southeast 
Alaska near Petersburg. 
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Figure 21. Argos locations of parous female Mariner and the direction of movement from her capture site 
to her established home range in 2008 on the mainland of Southeast Alaska near Petersburg. 

63 

LIT-07717



FREDERICK SOUND 

Snowstorm 2008 

* VHF Positions 

c:JVHFMCP 

0 3.75 7.5 
I I • I I I t 

15 Kilometers 

Figure 22. Home range bmmdruies of non-tenitolial female Snowstorm in 2008 on the mainland of 
Southeast Alaska near Petersburg. 
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Figure 23. Center of activity for denning female Sunshine in 2008 on the mainland of Southeast Alaska 
near Petersburg. 
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Figure 24. Location of camera stations on the mainland of Southeast Alaska near Petersburg in 2008, 
showing the number of each camera station and the minimum convex polygon of the camera anay. 
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Figure 25. Location of the individual wolverines photographed on the motion-detection cameras on the 
mainland of Southeast Alaska near Petersburg in 2008. Lines connect camera locations where the same 
individual was detected; circles indicate individuals detected at only one camera station. 
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Figure 26. Location of camera stations on the mainland of Southeast Alaska near Petersburg in 2009, 
showing the number of each camera station and the minimum convex polygon of the camera anay. 
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Figure 27. Location of the individual wolverines photographed on the motion-detection cameras on the 
mainland of Southeast Alaska near Petersburg in 2009. Lines connect camera locations where the same 
individual was detected; circles indicate individuals detected at only one camera station. 
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Male Cl::2 years proof of residency 

Female ~years proof of residency 
Sex undetermined 

<2 years proof of residency; 
sex undetermined 

Figure 28. Approximate centers of activity for wolveiines photographed in 2008 on the mainland of 
Southeast Alaska near Petersburg. Number of camera operation days was lower in the notthem pottion of 
the study area. 
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Figure 29. Home range botmdaries for adult male wolvetine Moonshine in 2008 on the mainland of 
Southeast Alaska near Petersburg. The VHF locations probably overestimated his 100% MCP home 
range because it contained a large area in the northwest where he was not located. 
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2008 

FREDERICK SOUND 

Figure 30. Putative tenitories of reproductive females in the study area in 2008, based on radiotelemetly, 
camera data, and spatial pattems of tenit01ial female wolverines. The wolvetine Morse was probably a 
male because he was photographed at some of the same camera stations where Mariner and Chuck were 
photographed in 2008. The wolvetine Chuck was photographed only in 2008 and sex was not determined. 
The pairs Mariner/Sarge and River/Cowgirl were probably mother/daughter pairs, although it is possible 
that River and Cowgirl were both resident females with River restt·icted to the notthem half of the 
delineated range and Cowgirl to the southem half. Large p01tions of their delineated range was in a 
wildemess area, which we could not access with helicopter so there were no camera stations in the eastem 
half of the area except on the shore of LeConte Bay. Yellow numbers indicate the number of mountain 
goats sighted during a 2005 aerial smvey (Alaska Depattment of Fish and Game, m1published data), 
indicating that food resources may have been more abundant in tllis area than in other p01tions of the 
study area. 
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Appendix A. Manuscript submitted to Journal of Wildlife Management on 18 Febma1y 
2010 describing a spatial hierarchical model for detennining density of 
wolverines using camera-trapping data collected on the mainland of 
Southeast Alaska near Petersburg in 2008. 
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8 RH: Royle et al. • Estimating Wolverine Density 

9 Density Estimation in a Wolverine Population using Spatial Capture-Recapture Models 

10 J. ANDY ROYLE1
, USGS Patuxent Wildlife Research Center, 12100 Beech Forest Road, 

11 Laurel, MD 20708, USA 
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18 RICHARD E. LOWELL, Alaska Department ofFish and Game, P.O. Box 667, Petersburg, AK 
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20 ABSTRACT Classical closed-population capture-recapture models do not accommodate the 

21 spatial inf01mation inherent in encmmter hist01y data obtained from camera-trapping studies. As 

22 a result, individual heterogeneity in encmmter probability is induced, and it is not possible to 

23 estimate density objectively because trap mTays do not have a well-defmed sample m·ea. We 

24 applied newly-developed, capture-recapture models that accommodate the spatial attribute 

25 inherent in capture-recapture data to a population of wolverines ( Gulo gulo) in Southeast Alaska 

26 in 2008. We used camera-trapping data collected from 37 cameras in a 2,140-km2 m·ea of 

27 forested and open habitats largely enclosed by ocean and glacial icefields. We detected 21 
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28 unique individuals a total of 115 times. Wolverines exhibited a sn·ong positive n·ap response, 

29 with an increased tendency to revisit previously-visited n·aps. Under the n·ap-response model, we 

30 estimated wolverine density at 9.7 individuals/1 ,000 km2 (95% Bayesian confidence interval: 

31 5.9-15.0). The model provides a f01mal statistical framework for estimating density from 

32 wolverine camera-n·apping studies that accmmts for a behavioral response due to baited n·aps. 

33 Further, the model-based estimator does not have sn·ict requirements about the spatial 

34 configmation of n·aps or length of n·apping sessions, providing considerable operational 

35 flexibility in the development of field studies. 

36 KEY WORDS Bayesian, capture-recapture, density, Gulo gulo, motion-detection cameras, 

3 7 spatial models, wolverine 

38 The Journal of Wildlife Management: 00(0): 000-000, 2010 

39 The wolverine is an elusive species that occms at low densities (Lofi:oth and Krebs 

40 2007), maintains relatively large home ranges (Persson et al. 2009), and at times undertakes ve1y 

41 long movements (Inman et al. 2004). For these reasons, estimating density for wolverines has 

42 been problematic and early attempts lacked measmes of accmacy and precision (review by 

43 Lofroth and Krebs 2007). More recently, Golden et al. (2007) estimated wolverine density based 

44 on aerial n·ack smveys in winter in open habitats. Mulders et al. (2007) and Fisher et al. (2009) 

45 used DNA from hairs collected at bait sites to estimate wolverine density. Lofroth and Krebs 

46 (2007) used capture-recapture estimates of density from live-n·apped wolverines and were the 

47 first to publish density estimates using photographs of wolverines captmed on motion-detection 

48 cameras. None of the methods above that used captme-recaptme approaches considered the 

49 spatial context of the data. 
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50 Closed population models are widely used to estimate abundance or density of animal 

51 populations from fixed an ays of traps or other devices that obtain inf01mation on encounter 

52 hist01y (Borchers et al. 2002). Direct inte1pretation of population density obtained from such 

53 models is difficult because the sampled area of trap anays is not a well-defined concept in the 

54 sense that, while one may delineate a geographic area for the placement of traps, it is not usually 

55 possible to delineate the effective sampled area (i.e., that area from which captured individuals 

56 are drawn). This problem has long been recognized in the literature (e.g., Dice 1938, Stickel 

57 1954, Wilson and Anderson 1985, Efford 2004). Authors have used different approaches to 

58 resolve the problem of defming the effective area, most often drawing polygons around the 

59 trapping anays, buffering, and adjusting estimates of population size obtained from closed 

60 population models (Karanth and Nichols 1998). The problem with this approach is that it is ad 

61 hoc. Rules for buffering (e.g., mean maximum distance moved) are arbitra1y, not consistent 

62 among studies, and such approaches induce unceitainty into estimates of density that have not 

63 been accommodated f01mally into density estimation. Moreover, the spatial organization of traps 

64 within the resulting buffered area suggests heterogeneity in encounter probabilities among 

65 individuals, which this method does not f01mally accommodate. 

66 Recent developments of spatial capture-recapture (SCR) models (Efford 2004, Borchers 

67 and Efford 2008, Royle andY mmg 2008) provide a f01mal method for inference from capture-

68 recapture studies by allowing for estimation of density. These models extend standard closed 

69 population models (e.g., Otis et al. 1978, Borchers et al. 2002, Lukacs and Bumham 2005) to 

70 include a spatially explicit model for the distribution of individuals in space. These models are 

71 spatially explicit in the sense that they are parameterized in te1ms of a spatially-indexed, 

72 individual random effect. The trap-specific encmmter probabilities are modeled as a function of 
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73 distance between traps and individual activity centers. These models have proved useful for 

74 estimating density in a number of camivore sampling problems including bears (Gardner et al. 

75 2010), tigers (Royle et al. 2009a,b), and small cats (Gardner et al. in press; Ke1y et al. in press). 

76 Our objective was to develop a spatially explicit capture-recapture model for estimating density 

77 using data from a camera-trapping study of wolverines (Gulo gulo) in Southeast Alaska. 

78 

79 STUDY AREA 

80 The study area comprised 2,140 km2 of coastal tidelands, temperate rainforest, muskeg, alpine 

81 habitats, and glaciers in the Tongass National Forest on the mainland of Southeast Alaska (Fig. 

82 1) near Petersburg (56 o 48.67602 'N, -132 o 57.07452 'W). Elevation in the study area ranged 

83 from sea level to 2,164 m . Temperatures at sea level during the camera-trapping sessions ranged 

84 from -4°C to 7°C but were considerably colder at higher elevations, although rarely falling 

85 below - 23°C. Precipitation (mainly as snow) was ve1y heavy during the study, exceeding 4 min 

86 depth at higher elevations. Sitka spmce (Picea sitchensis) or westem hemlock (Tsuga 

87 heterophylla) dominated the overst01y on productive forest sites but poorly drained sites 

88 supported mountain hemlock (Tsuga mertensiana), Alaska-yellow cedar (Chamaecyparis 

89 nootkatensis), or westem red cedar (Thuja plicata). The forested habitat where cameras were 

90 deployed occmTed within 50 km of the coast of Frederick Sound, which bordered the study area 

91 on the west. To the n01th the study area was bordered by P01t Houghton, on the south by Le 

92 Conte Bay, and on the east by the Stikine Icefield. These geographic baniers limited movements 

93 of wolverines into the study area (Frances 2008). Prior to our study, fur trappers targeted 

94 wolverines along low-elevation forestry roads and along beaches but, in cooperation with our 

95 study, they refrained from setting n·aps for wolverines. Other than wolverines, the 3 species that 
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96 triggered our camera traps most often, in order of frequency in photographs, were American 

97 mmien (Martes americana), bald eagle (Haliaeetus leucocephalus), and black bem· (Ursus 

98 americanus) . 

99 METHODS 

100 Camera Trapping 

101 Individual wolverines have a unique pattem of light-colored pelage on their ventral surface and 

102 this ventral pattem can be used to identify individuals from photographs, much as sn·ipes and 

103 spots have been used to identify individual wild cats from photographs (Karanth and Nichols 

104 1998, Soisalo and Cavalcanti 2006, Balme et al. 2009). Technique development with captive 

105 wolverines and radio-tagged wild wolverines demonsn·ated that this pattem remains the same 

106 over the lifetime of the individual (A. J. Magmm, WRAM, lmpublished data). To photograph the 

107 venn·al pattem, we lured wolverines to camera n·aps using remnants of moose (Alces alces), deer 

108 (Odocoileus hemionus), and beaver (Castor canadensis) donated by hunters and n·appers. We 

109 selected n·ap sites (Fig. 1) based on recommendations of local fur n·appers, our knowledge of 

110 suitable wolverine habitat, and logistical consn·aints of accessing mountainous tenain in our 

111 study m·ea. 

112 For camera sites accessed by helicopter, we fabricated nm poles by mounting a 107-cm-

113 long piece of2x4 (38 mm x 89 mm) dimensional lumber onto a 25-cm-long piece of 4x6 (89 

114 mm x 140 mm) dimensional lumber (Fig. 2; left panel). For camera sites accessed on the grmmd, 

115 we used either the same type ofnm pole or one fashioned from logs found on site. We suspended 

116 bait from a horizontal cable that was sn·etched between 2 n·ees that were 3-4m apmi. We 

117 attached a Illll pole to one of the n·ees at 1-2 m above grmmd or snow with the distal end of the 

118 Illll pole extending toward the other n·ee on which we mmmted a digital motion-detection camera 

LIT-07732



119 (Trailwatcher®, Monticello, GA). The bait was suspended 0.5-1 .0 m above the end of the lllll 

120 pole. To access the bait, a wolverine would have to walk out to the end of the lllll pole, thereby 

121 triggering the camera while the animal was looking up at the bait exposing the ventral pattem 

122 (Fig. 2; right panel) . 

123 We set cameras to take photographs whenever there was motion in front of the camera. 

124 With the flash on all the time, the cameras took photos approximately eve1y 4 seconds when an 

125 animal was on the lllll pole. Each photograph file included the date and time the photograph was 

126 taken. We considered each 24-hour period a trapping session. We attempted to visit trap sites at 

127 least eve1y 2 weeks to change batteries and flash cards and to rebait the sites, but this was not 

128 always possible due to weather and logistical constraints. If cameras were inoperable when we 

129 revisited the sites, we used the last day a photograph was taken to calculate the total number of 

130 days the camera was operational (i.e. , number of trapping sessions). 

131 Statistical Methods 

132 The data from a SCR study consist of the individual and trap-specific encounter histories Yi,j,k 

133 for individual i=1,2, ... ,n; traps j=1 ,2, ... ,J; and sample periods k=1 ,2, ... ,K. In practice, sample 

134 periods are daily intervals and thus we obtain a conventional encmmter hist01y (i.e. , a sequence 

135 ofO's and 1 's) for each individual and trap. In our study, traps were operational for variable 

136 lengths of time. The temporal nature of encmmter histories is imp01i ant when time effects, such 

13 7 as date of the sample or behavioral response, are of interest (Ke1y et al. in press; Gardner et al. in 

138 press). When explicit temporal effects are not relevant, encounter histories may be summarized 

139 by individual and trap-specific frequencies, i.e., Yi,j , the number oftimes that individual i was 

140 encountered by trap} out of K j sample periods. 
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141 The key idea in SCR models is that they f01mally relate the encmmters of individuals to 

142 where these individuals spend time over the trapping period. In patticular, if we imagine that an 

143 individual occupies a defmed area for a given period of time (i.e., a seasonal home range or use 

144 area) and its activities are centered in that area for that period, then it is natural to expect that the 

145 probability of an individual encountering a trap is a fimction of the distance between that 

146 individual 's activity center and the trap. Efford (2004) introduced this concept, which was 

147 f01malized in a likelihood framework by Borchers and Efford (2008). Royle and Young (2008) 

148 developed a Bayesian hierarchical f01mulation of a similar class of models. Here we assume that 

149 encounter probability is related to distance between each activity center and trap according to: 

150 

151 Pi,j = 1- exp(- A.0 *exp(- di:j ICY 2
)) 

152 

153 where diJ =j I si - xj II is the distance between activity center of individual i, s;, and location of 

154 trap}, Xj. This specific f01m of the detection function is justified (Royle et al. 2009b) as "the 

155 probability of at least 1" encounter under a Poisson model where the encounter rate declines with 

156 distance according to a n01mal probability kemel with scale parameter CY. To interpret this, 

157 suppose that it was feasible to deploy a ve1y dense, regular grid of traps such that individuals are 

158 encountered frequently at many locations. Then, under the model, encounter frequencies would 

159 resemble a histogram approximation to a bivariate n01mal density armmd an individual's activity 

160 center. However, in practice we only observe individuals at a small fixed number of traps and 

161 thus such a pattem will typically not be evident. 

162 This model for detection probability can be re-expressed as a linea~· model on the 

163 complementaty log-log scale: 
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165 where b1 = (11 CY2 
). Because the model can be f01mulated as a bimuy regression model in this 

166 fashion, useful extensions of the model are st:raightf01ward. For example, primarily a scavenger 

167 in winter (Banci 1994), the wolverine has a strong tendency to cache food and to retum 

168 repeatedly to a food somce to remove the food to caching sites. As such, it is reasonable to 

169 assume that once a wolverine has fmmd a baited camera site, the same wolverine is likely to visit 

170 the site repeatedly. Thus, we will consider the possibility of a behavioral response (refened to as 

171 Model Mb in classical captme-recaptme), which for om model involves adding a single 

172 regression te1m to the model and defming a regression variable, say x i ,k = 1 if individual i was 

173 captmed previous to sample session (day) k. In the context of SCR models, it is natmal to 

174 defme the behavioral response to be trap-specific (Royle et al. 2009b, Gardner et al. 2010). That 

175 is, x i ,j,k =1 if individual i has previously been captmed in trap j. Thus, if an individual is captmed 

176 in a specific trap, then the probability of subsequent encmmter is increased or decreased only for 

177 that trap. We consider this a local behavioral response in contrast to what could be considered a 

178 global behavioral response as in the standard model (Model Mb), i.e., a behavioral response that 

179 does not depend on where the individual was encmmtered. The latter type of response would be 

180 unrealistic in most spatial sampling situations. Because the covariate is time-dependent, we 

181 require a definition of the model in te1ms of individual Bemoulli trials, Y i,j,k, with probability of 

182 encounter Pi,j,k with 

183 

184 cloglog(p . ") = log(A.0 ) - b1 * d 2
. + b2* x ." I ,J , I ,J I ,J, 

185 
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186 Note that distance di,j is a ftmction of individual activity center si> which is an 

187 unobserved random effect . The model thus appears ve1y similar to so-called "individual 

188 covariate models" (e.g., Royle 2009). Because the individual activity centers are latent variables, 

189 we specify a probability distribution for them. The standard assumption (Efford 2004, Borchers 

190 and Efford 2008, Royle and Y mmg 2008) is that the si are unifonnly distributed in space. As 

191 such, we note that the model is essentially a standard, closed population model but augmented 

192 with a spatial random effect that describes the juxtaposition of individuals with the trap an ay. 

193 With this additional model assumption for the random effects, the model can be analyzed 

194 using methods that are standard for analyzing Generalized Linear Mixed Models (GLMMs). In 

195 pruticular, they are conveniently analyzed by Bayesian methods using a technique known as data 

196 augmentation (Royle et al. 2007). Royle and Gru·dner (2010) and Gardner et al. (2010) 

197 implement similru· models in WinBUGS (Gilks et al. 1994), and they provide the Rand 

198 WinBUGS scripts to fit the models. In addition, a native R implementation developed from 

199 Royle et al. (2009a,b) provides a more efficient MCMC implementation in some cases. We used 

200 these R programs which are now available in the downloadable R package SPACE CAP (Singh et 

201 al. 2010). 

202 Bayesian analysis proceeds using a simulation-based method (i.e., Markov chain Monte 

203 Cru·lo or MCMC; Link et al. 2002), which requires that we simulate realizations of the 

204 underlying point-process. To do this we must specify the region over which points are distributed 

205 (called the state-space of the point process), a geographic region that we indicated previously by 

206 S. In general this must be specified regardless of whether one adopts a Bayesian or frequentist 

207 (e.g., Borchers and Efford 2008) approach to inference. In the latter case, one must integrate the 

208 random variables (activity centers) out of the conditional-an-si likelihood. When the state-space 
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209 of the point process is precisely defined, this in tum defmes the parameter N as the number of 

210 individual activity centers located within the prescribed state-space. The parameter N will be 

211 estimated (see below). Density is a derived parameter D = N/area(S), where N is the parameter of 

212 the model and area(S) is the known area of the prescribed state-space. 

213 In a Bayesian analysis, the size and configuration of the state-space requires careful 

214 consideration because the model is analyzed conditional on the underlying point process. That is, 

215 the point process is explicitly simulated, and thus the state-space must be described precisely. 

216 There are 2 basic approaches to choosing the state-space. We might consider describing the 

217 geographic region containing the traps only where habitat is suitable. Altematively, we can 

218 defme a regular polygon (e.g., rectangle) containing the trap an ay without differentiating 

219 unsuitable habitat. Although defining the state-space to be a regular polygon has computational 

220 advantages (e.g., we can implement this more efficiently in WinBUGS and cannot for inegular 

221 polygons), a regular polygon induces an apparent problem of admitting into the state-space 

222 regions that are distinctly non-habitat (e.g. , oceans, large lakes, ice fields , etc.). It is difficult to 

223 describe complex sets in mathematical tenns that can be admitted to this spatial model. As an 

224 altem ative, we can provide a representation of the state-space as a discrete set of points that will 

225 allow specific points to be deleted or not depending on whether they represent habitat. This is 

226 primarily necessruy to provide control over the geometry and mmphology of what we consider to 

227 be suitable habitat. In what follows, we have provided an analysis of the camera data using both 

228 approaches. In the first case, we defmed the state-space to be a regulru· continuous polygon (a 

229 rectangle) but did not clip out non-habitat. To defme the continuous state-space we overlaid the 

230 t:I·ap atTay (Fig. 1) on a rectangulru· region extending 40 km beyond the t:I·aps in each cru·dinal 

231 direction. In the second set of analyses, we used a discrete representation of the state-space but 
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232 then deleted points that were not over land. For that approach we used 2 grid resolutions (2 km 

233 and 8 km) before clipping out unsuitable points. Our interest in doing this was to evaluate the 

234 relative influence of grid resolution on estimated density because the coarser grids will be more 

235 efficient fi:om a computational stand-point and so we would prefer to use them, but not if there is 

236 a strong influence on estimated density. 

237 While N is arbitrmy in the sense that it necessm·ily increases with S, which is also 

238 m·bitrmy, we note that the density of points N/IISII is invariant to S as long as S is sufficiently 

239 lm·ge, which can be verified by conducting a trial MCMC lllll. We can then address that N is 

240 unknown using data augmentation (Royle et al. 2007; Royle 2009), a method for implementing 

241 MCMC for capture-recapture models in which N is unknown. We can then produce spatially-

242 explicit density estimates by tallying up, from the posterior samples obtained by MCMC, the 

243 frequency of activity centers in any arbitra1y polygon within the state-space and standardizing by 

244 the relevant m·ea (e.g., Gardner et al. in press). 

245 RESULTS 

246 We operated 37 camera sites (Fig. 1) over a 165-day period during JanUaiy-May 2008. 

247 Cameras were operational for vm·iable periods oftime (min= 5 days, max= 108 days, median= 

248 45 days) . The caineras captured 21 unique individuals a total of 115 times. Most individuals 

249 were captured 1-6 times, with 4, 1, 4, 3, 2, and 1 individuals in each of the 6 categories, 

250 respectively. In addition, 1 individual each was captured 9 and 14 times and 2 individuals each 

251 were captured 10 and 13 times. The number of unique traps that captured a pmt.icular individual 

252 ranged from 1-6, with 5, 9, 4, 1, 1, and 1 in each of the 6 categories, respectively, for a total of 

253 50 unique wolverine-trap encounters. Multiple captures of an individual at the same trap 

254 explains the difference between total captures and the lmique encmmters. 
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255 The posterior mean density under the continuous state-space model was 5.8 

256 individuals/1 ,000 km2 (Table 1), which can be regarded as a point estimate, and lmceiiainty in 

257 the value can be characterized by the percentiles of the posterior distribution, labeled 2.5% and 

258 97.5% in Table 1. We note that the posterior mean of the detection scale parameter 

259 a=sqii(1/b1) is 6.4 Ian. 

260 For the 2-km and 8-km discrete state-space models (Table 1), posterior summaries of 

261 model parameters and related quantities were similar. Densities were 8.6 and 8.2 

262 individuals/1 ,000 km2
, respectively, consistent with that fact that the finer resolution grid 

263 accommodates higher levels of heterogeneity in detection probability (Link 2003). To improve 

264 computational efficiency, we used the 8-km discrete state-space in the development of the 

265 behavioral response model (Table 1). Consistent with our expectations, there was a large positive 

266 effect of previous capture in a trap and an increase in estimated density lmder that model 

267 (posterior mean: 9.7 individuals/1,000 km2
) . 

268 DISCUSSION 

269 The model based on the continuous state-space resulted in a much lower density estimate 

270 than that based on the discrete grid approximations to the state-space. This is because most of the 

271 stated area of the continuous state-space lay over water and thus the model distributed some 

272 individual activity centers over water, resulting in a conesponding decrease in apparent density 

273 compared with the discrete representation that allowed for water area to be removed. We noted 

274 little difference in estimated density and other model parameters between the 2-km and 8-km 

275 grids and thus we feel that, as an operational compromise, the relatively coarse grid provides 

276 adequate estimates of density. 
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277 Integrating the trap identity inf01mation explicitly into the model allowed for the 

278 consideration of more realistic models of the behavioral response. The intuitively appealing 

279 model that we fitted to our data, in which the behavioral response operates on individual traps 

280 (what we refened to as a local behavioral response), has not been considered in the standard 

281 capture-recapture context. The model without a behavioral effect estimated a density of about 

282 8.2 wolverines/1,000 km2 with an estimated detection scale parameter (a) of 6.8 km. In 

283 contrast, the estimated density was 9.7 wolverines/1,000 km2 and a 9.8 km when we included 

284 the behavioral response. This strongly positive, trap-specific behavioral response indicated a 

285 tendency for individuals to revisit camera traps subsequent to their initial visit, a result that is 

286 unsmprising when traps are baited and successive captures are not independent. The apparent 

287 encounter probability was rui ificially high lmder a behavioral response and was properly adjusted 

288 downward when a behavioral response was admitted in the model, yielding a conesponding 

289 increase in estimated density. 

290 By using SCR models for estimating wolverine density, we avoided a number of 

291 problems inherent in non-spatial models for species that ru·e hru·d to detect and result in small 

292 sample sizes. Logistical constraints of operating in notihem wildemess environments in winter 

293 usually make it impossible to ensure that the number of trap sessions among camera sites is the 

294 same, but trapping sessions of equal length are not a requirement of the SCR models. For non-

295 spatial models it is not at all obvious how to condense such variable trap-specific encounter 

296 histories into standard encmmter histories that ignore trap identity, therefore, excess recaptures 

297 (i.e. , wolverines captured multiple times at a unique site in a session) ru·e discru·ded or pooled in 

298 some fashion (e.g. , Mulders et al. 2007) resulting in loss of inf01mation about the encmmter 

299 process. An obvious problem with pooling data from a trap aiTay into discrete periods in order to 

LIT-07740



300 create non-spatial encmmter histories is that it is not obvious how to do this when u·ap operation 

301 is staggered in time and deployed u·aps are operational for vmying lengths of time. Pooling of 

302 data was not necessmy in our SCR models because they m·e based on u·ap-level encounters of 

303 individuals. 

304 The SCR models resolve 2 specific problems inherent in the application of non-spatial, 

305 closed population capture-recapture models. First, it is not necessaty to use ad hoc methods to 

306 devise an effective sample area to which the estimated N is applied because, instead, the location 

307 and munber of individual activity centers (s) are regarded as unknown parameters (random 

308 effects) to be estimated. Secondly, SCR models accmmt for individual heterogeneity in 

309 encounter probability that is necessm·ily induced by juxtaposition of individuals with u·aps. In 

310 pmticulm·, the model assumes that encmmter probability is a function of distance between u·aps 

311 and activity centers, and thus encmmter probability decreases to 0 as distance from the u·ap an ay 

312 mcreases. 

313 As with all closed population models, the SCR models used here assumes demographic 

314 closure, i.e. , the absence of petmanent additions or removals from the population during the 

315 u·apping period. The closure assumption in the SCR model is manifest in the static nature of the 

316 individual activity centers. While each individual has its own activity center, the model assumes 

317 that the activity centers m·e constant over the period of the u·apping period. To the extent that 

318 non-closure is due to the presence of u·ansients, such non-closure could perhaps be effectively 

319 modeled as an individual-specific encounter probability scale pm·ameter, !!f , accommodating 

320 appm·ent variability among individuals in home range size. We m·e cunently devising methods 

321 for fitting such models. Extensions of the model that allow for m01tality and recmitinent have 

322 also recently been developed (Gardner et al. 2010). In addition to accmmting for explicit 
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323 violation of the closme assumption due to population dynamics, such models can accommodate 

324 non-static activity centers, such as may be necessa1y in multi-year studies as individual home 

325 ranges shift due to resomce variability, behavioral interactions, and other biological phenomena. 

326 We also plan fmther extensions to this basic SCR model by adding covariates that could 

327 address other somces of heterogeneity in individual captm·e probabilities. For example, based on 

328 the smaller average size of home ranges for female wolverines (Persson et al. 2009), we expect 

329 that the sex of individuals influences the average distances between activity centers and 

330 encountered traps for males and females. Sex of wolverines can be detennined using camera-

331 trapping techniques (A. Magoun, unpublished data), as well as from DNA, and could easily be 

332 incmporated as an individual covariate in om models. Moreover, we suspect that camera traps 

333 that are visited by female wolverines, palticularly lactating females in March and April, may 

334 indicate prime habitat where wolverines are concentrated across the landscape (A. Magoun, 

335 unpublished data). Therefore, we suggest a trap-specific covariate that considers visits by 

336 females. Finally, Copeland et al. (2010) showed that late spring snow cover may be conelated 

337 with suitable wolverine habitat, suggesting another covariate that could be incorporated into the 

338 SCR models for study areas that are heterogeneous for spring snow cover. 

339 Management Implications: 

340 The SCR models we developed in this study remove several mathematical and logistical 

341 problems that arise in estimating density of wolverines and other c1yptic, low-density species. 

342 The SCR models can be applied to any capture-recapture technique that provides individual and 

343 trap-specific encmmter histories. Besides inc01porating spatial data and thereby avoiding ad hoc 

344 derivations of an effective area, the SCR models permit f01mal mathematical testing of 

345 assumptions regarding captm·e probabilities. Fmthe1more, the capability of the SCR models to 
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346 incorporate variables that affect encounter probability provides managers the flexibility to 

347 modify camera-trapping techniques in ways that improve capture success (e.g., using multiple 

348 cameras at n·apping stations or adjusting camera activation periods to accommodate species-

349 specific activity). Finally, we believe that methods for estimating density of species are most 

350 useful when they accommodate the realities of working under rigorous and lmpredictable field 

351 conditions on species that are difficult and expensive to study. 
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456 List ofFigm es 
457 
458 Figm e 1. Study area on the mainland of Southeast Alaska near Petersbmg showing location of 

459 camera & hair snag (C&H) stations (black dots) in 2008 used for detecting wolverines. Stippled 

460 area indicates the extent of the Stikine Icefield to the Canadian border. The C&H anay is largely 

461 sunounded by ocean and icefields except for a 20-km-wide forested area at the head of P01i 

462 Houghton. 

463 

464 Figm e 2. Camera & hair (C&H) snag stations on the mainland of Southeast Alaska near 

465 Petersbmg in 2008 used for detecting wolverines. The left panel shows the general set up of the 

466 nm pole, bait, and camera. The camera was ~3m from the distal end of the nm pole. The camera 

467 is a Trailwatcher® motion-detection camera set to take photographs whenever an animal moves 

468 in front of the camera and with the flash on both day and night. The right panel shows a 

469 wolverine photographed at C&H station #3 1 by a Trailwatcher camera showing the ventral 

470 pattem used to identify the wolverine in the photograph. 

471 
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481 List of Tables 

482 Table 1. Posterior summmy statistics from the spatial capture-recapture models fitted to the 2008 

483 wolverine camera-u·apping data from the mainland of Southeast Alaska nem· Petersburg. The 4 

484 models considered were (1) a continuous, rectangulm· state-space with no behavioral response; 

485 (2) a discrete approximation to the state-space using an 8-km grid; (3) a discrete state-space 

486 using a 2-km grid with no behavioral response; and ( 4) a behavioral response added to the 

487 second model; Dis density per 1,000 km2
. Units of sigma are km. 
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1 Table 1 

Model Parameter Mean SD 2.50% 50% 97.50% 

Continuous D 5.799 1.252 3.627 5.714 8.496 

Ao 0.058 0.01 0.041 0.057 0.079 

(j 6.393 0.556 5.415 6.349 7.599 

b1 0.013 0.002 0.009 0.012 0.017 

N 116.72 25.194 73 115 171 

Discrete 8-kJal D 8.195 1.592 5.474 8.061 11.644 

Ao 0.045 0.007 0.033 0.045 0.061 

(j 6.812 0.472 5.982 6.774 7.845 

b1 0.011 0.001 0.008 0.011 0.014 

N 82.343 16.001 55 81 117 

Discrete 2-kJal D 8.591 1.689 5.677 8.414 12.267 

Ao 0.048 0.008 0.034 0.048 0.065 

(j 6.322 0.489 5.426 6.298 7.342 

b1 1.273 0.197 0.928 1.261 1.698 

N 84.737 16.66 56 83 121 

Discrete 8-kJal D 9.6688 2.3255 5.872 9.355 15.028 
& Ao 0.0087 0.0022 0.005 0.008 0.0137 
behavioral 
effect 

(j 9.8356 1.335 7.484 9.743 12.747 

b1 0.0055 0.0015 0.003 0.005 0.0089 

b2 2.5988 0.2652 2.088 2.595 3.1326 

N 97.152 23.367 59 94 151 
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Appendix B. A Master thesis on population stmcture and demographic hist01y of 
wolverines in N01th America with an emphasis on peripheral populations 
(Frances 2008). 
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Introduction 

Wildlife populations are structured by their sunounding geographical matr·ix so 

spatial inf01mation becomes an imp01i ant component to consider when analyzing genetic 

pattems. The fusion of population genetics and spatial data allows innovative approaches 

to solving some of the challenging questions related to evolutiomuy processes occmTing 

at different scales within wild populations. For example, spatial genetics (or 

phytogeography) have been useful in disentangling factors that produced observed 

pattems of genetic diversity across various geographic scales of a species ' range (A vise 

2004; Miller et al. 2006). Such understanding of the nomandom distr·ibution of genetic 

variation among individuals (McCauley 1992) can be cmcial when developing 

management plans, especially when these plans are focused on species of conservation 

concem (Palsboll et al. 2007). 

The wolverine ( Gulo gulo) is a medium sized, highly vagile, holarctic camivore 

(Family Mustelidae). In the last past 150 years, the wolverine 's worldwide range has 

been greatly reduced (as much as 37%) by antlu·opogenic factors such as habitat 

destruction and hlmting (Sclu·eiber et al. 1989). Similar reductions in range have been 

documented in Scandinavia (Landa et al. 2000). The species is cmTently found in the 

boreal forests of N01way, Sweden, Finland, Mongolia, China, Russia, Canada, Alaska, 

and in a few n01ihem states of the contiguous United States (Sclu·eiber et al. 1989). Low 

population densities (Banci 1994), low reproductive potential (Weaver et al. 1996) and 

high sensitivity to human disturbance (Banci 1994) all contr·ibute to the challenge of 

managing and conserving this species (Ruggiero et al. 1994). In the contiguous United 

1 

LIT-07755



States, the wolverine has been petitioned twice for listing under the federal Endangered 

Species Act; both attempts have been declined by the USFWS (USFWS 2003). 

Wolverines are listed as ''vulnerable" by the IUCN (Taylor 2000). 

Ten estrial mammals like wolverine generally have larger core populations 

(fmmd near the center of their distribution) that occur in suitable continuous habitats. 

Core populations tend to have higher neutral genetic variation than peripheral populations 

which are usually disconnected, smaller, and subject to different evolutionruy forces 

(Allendorf and Phelps 1981; Lesica and Allendorf 1995; Mayr 1970; Safriel et al. 1994). 

Peripheral populations tend to be smaller, sn·ongly affected by genetic drift, and may be 

influenced by lack of gene flow between core and peripheral populations (Hattl and Clru·k 

1997). Two wolverine populations on the periphety of this species primruy disn·ibution in 

the Pacific N01thwest are examined in this study. 

One of these potentially isolated populations occurs in Southeast Alaska (Figure 

1a), a region that is largely isolated from the remainder of continental N01th America 

(British Columbia and Yukon Tenit01y) by glaciated Coastal Mountains. This mmmtain 

range is n·ansected by a few large rivers (e.g. Stikine and Taku rivers) that may provide 

critical conidors for faunal exchange between interior and coastal populations 

(MacDonald and Cook 1996). Evidence of recent colonization down these natural 

conidors includes Alces alces (Hundettmark et al. 2003) and possibly Martes pennanti 

and Puma concolor (MacDonald and Cook 1996). A series of studies of mammals (Cook 

et al. 2001; Cook et al. 2006; Cook and MacDonald 2001; Dawson et al. 2007; 

MacDonald and Cook 1996; MacDonald and Cook 2007) recognize this region as having 

high levels of endemism (about 20% of known mammal taxa in the region are endemics) 
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including subspecies of other mustelids (Fleming and Cook 2002) and larger camivores 

(Heaton et al. 2003; Heaton et al. 1996; Peacock et al. 2007; Talbot and Shields 1996; 

Weckw01ih et al. 2005). This region was repeatedly covered by glaciers dming the 

Pleistocene epoch (Canara et al. 2007; Mann and Hamilton 1995), but multiple refugia 

have been hypothesized along the outer coast of this region (Heaton et al. 1996; Canara 

et al. 2007). Hence, glacial dynamics shaped species evolution and community 

assemblage in Southeast Alaska (Comoy et al. 1999; Heaton et al. 1996; Klein 1965) 

A second potentially isolated population is located on the Kenai Peninsula (2300 

km2
; see Figme 1 b) in southcentral Alaska and is connected to the mainland by a nanow 

isthmus (14 km wide) that may act as a banier for animal dispersal. Hence, the wildlife of 

this region may be peripheral to connected continental populations. Numerous 

mammalian subspecies were described as endemic to this peninsula including Martes 

americana kenaiensis (Hagmeier 1958), Gulo gulo katschemakensis (Matschie 1918), 

Canis lupus alces (McCarley 1962), Ursus arctos gyas (Meniam 1918), and Ursus 

americanus perniger (Allen 1910). The distinctiveness of some of these nominal taxa 

was subsequently rejected by molecular studies (Paquet and Carbyn 2003; Tomasik and 

Cook 2005; Waits et al. 1998; Wooding and Ward 1997). Dming the last glacial 

maximum (LGM) this region was covered by glaciers (Miller 1958). 

Both Southeast Alaska and Kenai Peninsula, along with the rest of N01ih 

America, were affected by glacial dynamics dming the Pleistocene (Canara et al. 2007). 

On the continental scale, full glacial advances separated N01ih America into at least 2 

major unglaciated areas that may have supp01ied refugial populations of mammals: the 

lower latitude region south of the Lamentide Ice Sheet in the contiguous United States 
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and the high latitude Beringia, a region that joined North America and Eurasia through 

the Bering Land Bridge (Hopkins 1967). As glaciers receded about 10,000 ybp at the end 

of the LGM, refugial populations began to recolonize previously glaciated regions 

(Hewitt 1996, 2001). These events had imp01i ant consequences for the genetic structure 

of animal and plant populations (Hewitt 2004). 

Three generalized hypotheses of wildlife recolonization in N01ih America have 

been proposed: a) Single Source Recolonization: For a prui icular species, only animals 

n01ih (or south) of the glaciers survived during the LGM and after deglaciation, these 

animals expanded southward (or nOiihwru·d) through a series of dispersal events that 

created a "leading effect" genetic signature (Miller et al. 2006). b) Dual Source 

Recolonization: populations of a pruiiculru· species persisted both n01ih (Abbott and 

Brochmann 2003; Hulten 1937; Pielou 1991) and south (Waltari et al. 2007) of the 

glaciers during the LGM. After the last glacial retr·eat, independently evolved n01ihem 

and southem lineages crune into secondruy contact in mid-latitudes thus creating admixed 

populations or a distinct N01ih!South discontinuity. c) Multiple Source Recolonization: 

wolverine populations survived in multiple refugia in N01ih America (e.g. Beringia, High 

Canadian Arctic, Eastem, and Westem Coastal Refugia) during the LGM. As glaciers 

retr·eated, wolverine recolonized previously glaciated ru·eas thus creating admixture or 

multiple overlapping genetic signals in mid-latitude populations. The genetic structure of 

populations is dete1mined by both common ancestry and ongoing gene flow. In vagile 

animals, high levels of gene flow should eventually distOii the imprint of historic glacial 

events. 
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Due to high vagility, G. gulo is a good model for assessmg spatial genetic 

stm cture and demographic hist01y across westem N01i h America. The specific goals of 

this paper are: 1) To determine the geographic scale of genetic stmcture of N01ih 

American wolverine populations. 2) To study the demographic hist01y of these 

populations using coalescent approaches in light of the effects of the Pleistocene climatic 

variation by testing three primaty hypotheses. 3) To explore genetic variability and 

divergence of wolverine populations in two peripheral regions: Southeast Alaska and the 

Kenai Peninsula through comparison with nearby continental populations. 4) To assess 

genetic distinctions of two New World subspecies, G. g. luteus and G. g. 

katschemakensis. 5) To discuss conservation implications for N01ih American wolverine 

populations based on assessment of genetic variation. 

Materials and Methods 

Marker: Genomic DNA was isolated from tissue samples obtained from trappers 

and museum collections using a modified NaCl extraction protocol (Fleming and Cook 

2002). The hypervariable left domain of the matemally inherited mitochondrial control 

region was used due to its high mutation rate, that is appropriate for analyzing intra 

specific variation in mammals (Avise 1994; Waits et al. 1998). Given that female 

wolverines are more philopatric than males (Cegelski et al. 2006; Chappell et al. 2004; 

Kyle and Strobeck 2001; Tomasik and Cook 2005), reduced levels of homogenization are 

expected between divergent mtDNA ancestral lineages due to matrilinear transmission 

(Godbout et al. 2008). Primers L1 5626 and H16498 were used (Shields and Kocher 1991; 
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Taberlet et al. 1996) to produce sequences of approximately 369 bp for both strands. 

mtDNA sequences were aligned using Sequence Navigator (Applied Biosystems, Inc.) 

and compared to reference sequences (Tomasik and Cook 2005). 

Sampling: Sequences from 449 individuals were used, with 435 of those samples 

originating from N01th American populations and 14 from Eurasia. Of the N01th 

American samples, 321 were previously rep01ted as follows: 7 were from Califomia 

(Schwa1iz et al. 2007), 168 from the southem Rocky Mountains and central Rocky 

Mountains (Cegelski et al. 2006), 103 from Alaska and N01them Rocky Mountains 

(Tomasik and Cook 2005), 43 from the no1ihem Rocky Mountains (Wilson et al. 2000), 

and 110 samples were newly added from Alaska and Canada. Of the Eurasian samples, 8 

were from Scandinavia (Walker et al. 2001), 5 from Russia (Tomasik and Cook 2005), 

and 1 from Mongolia (Schwmtz et al. 2007). These sequences represent 18 N01th 

American (Fig 2) and 3 Eurasian sampling localities. For phytogeographic analyses, all 

21localities were used (Table 1). 

Phytogeographic Analyses: For consistency across available sequences, 

phylogenetic analyses included representative 318 bp sequences of all 449 wolverines 

(Table 1). Each inseliion and deletion was treated as a fifth state. 

Haplotype relationships were reconstmcted using an unrooted Neighbor-Joining 

tree generated in the software package PAUP* 4.0 (Swofford et al. 1996). The model of 

evolution that best fit the data using Modeltest (Posada and Crandall 2001) with the 

Akaike criterion (Akaike 1974) was GTR+I. Clade supp01i was assessed with 1,000 

bootstrap pseudoreplicates (Felsenstein 1985) and considered highly supp01ted with a 

bootstrap value :::: 70 (Hillis and Bull 1993). To examine the degree of connectedness 
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among all haplotypes, a Median Joining Network (MJN) was constmcted using the 

program Network 4.2.0.1 (Fluxus Technology 2007). Haplotype networks are more 

sensitive than n·ee based approaches for assessing fme-scale stmcture within species 

(Benningham and Moritz 1998; Posada and Crandall 2001; Smit et al. 2007). Population 

fi:equencies were included in the MJN to illusn·ate the occmTence of unique and rare 

haplotypes. For all other analyses, only N01i h American wolverine localities with a 

sample size of 8 or larger were analyzed (i.e. , all N01ih American samples except 

Califomia), thus increasing sequence length to 369 bp. 

Spatial Genetic Structure: The program Alleles in Space (Miller 2005) was used 

to assess whether, on average, nomandom pattems of genetic diversity (i.e., spatial 

genetic structure) exist over the studied landscape. Spatial autoconelation analysis (Sokal 

and Oden 1978) allowed inference related to the spatial scale of putative genetic sti11ctme 

(Barbujani 2000; Manel et al. 2003). Autocon elation (Ay) was quantified as the average 

genetic distance between pairs of individuals that fell into distance class y. Analyses were 

initially perf01med using 10, 20 and 30 distance classes and the lmequal distances I equal 

number of observations option. A randomization procedme (5,000 replicates) was used to 

identify distance classes with average genetic distances significantly larger or smaller 

than random expectations. The extent of genetic shu ctme revealed by this analysis is 

obtained by identifying the n·ansition point that autoconelation coefficients switch from 

values less than average to values that are greater than average (Clark and Richardson 

2002). The Mantel Test (Mantel 1967; Sokal et al. 1995) was perf01med using the 

software package Arlequin (Excoffier et al. 2005) to assess Isolation by Distance (IBD). 

The Landscape Shape Inte1polation procedme (Miller 2005) was used to facilitate 
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visualizations of pattems of mtDNA variation among individuals by creating a 3-

dimensional surface plot where x andy axes conespond to cardinal directions (projected 

in Universal Transverse Mercator) and the z-axis represents residual genetic distances. 

This analysis produces a graphical representation of pattems of diversity across the 

sampled landscape with peaks in those areas with high genetic distances. To obtain an 

overview of the general pattem across most of the wolverine's N01th American 

disn·ibution, a distance weight value of 0.15 was used. 

To detect dissimilar pattems among populations, non-metric multidimensional 

scaling (MDS) was perf01med based on a genetic distance man·ix (Fst values, obtained in 

Arlequin 3.11; (Excoffier et al. 2005) between the different haplotypes. The sn·ess value 

was also calculated. Low sn·ess values (< 0.001) indicate that the data are clustered in 

well differentiated groups, while a high value indicates the opposite. To ftuther illusn·ate 

the geographic structure of these wolverine populations, the SAMOV A 1.0 

(http://web.unife.it/progetti/genetica/Isabelle/samova.html) algorithm (Dupanloup et al. 

2002) was implemented. This approach identifies pmtitions of geographically adjacent 

sampling m·eas that are maximally differentiated based on sequence data. The number of 

N01th American population pmtitions was estimated by mnning 100 simulated annealing 

steps and examining maximum indicators of differentiation (Fcr values) with the program 

insti11cted to identify K=2 through K= 15 pmtitions. 

Molecular Diversity and Historical Population Dynamics: The softwm·e package 

Arlequin 3.11 (Excoffier and Schneider 2005) was used to calculate nucleotide diversity 

(n) and haplotype diversity (h). The probability that 2 randomly chosen homologous 

nucleotides are different is 7t (Excoffier et al. 2005) and vm·ies from 0 (no divergence) to 
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over 0.10 for deep divergence (Grant and Bowen 1998), while his the probability that 2 

randomly chosen haplotypes differ (Excoffier et al. 2005) and varies from 0 to 1 (Grant 

and Bowen 1998). Private alleles (alleles only fmmd in 1 locality) were assessed by 

looking at the haplotype network. A hierarchical analysis of molecular variance 

(AMOV A) was lllll to evaluate population genetic structure. Following the Pleistocene 

refugia hypotheses, 3 groups were identified based on whether a sampled population was 

located in a previously glaciated or deglaciated (refugia) area. One group included 

populations fmmd in the f01mer Beringia refugium (NW AK, NAK, CAK), a second 

group included populations located in southem refugia (RMF, GA, CB, WY, ID) and the 

last group included all populations that are located on previously glaciated locations. 

To test the difference between core and peripheral populations, another AMOV A 

was perf01med with the following groupings: peripheral (KP, SEAK, both isolated from 

remaining populations by geographical features, and WY, ID, RMF, CB, GA, each now 

fmmd in the southem edge of the wolverine disn·ibution) and core (remaining 11 

localities). A second order polynomial regression plot was obtained using latitude 

(decimal degrees) as the independent variable and nucleotide diversity as the response 

variable. Data were analyzed using Excel 2007 (Microsoft, Inc) to obtain regression 

equations and R2 values. The demogxaphic hist01y of each the New World sampling 

localities was assessed using the Metropolis-Hastings algorithm as implemented in 

FLUCTUATE v1.4 (Kuhner et al. 1998). Ten sh01t chains (sampling increments of 10; 

1,000 steps per chain), 2 long chains (sampling increments of 10, 20,000 steps), and a 

random stmting n·ee were used in each Illll. Convergence of results was assessed through 

5 separate nms with different stmting seed numbers. Positive values of g indicate a 
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demographic expansion while negative values indicate a population decline (Kuhner et al. 

1998). Conservative confidence intervals of(+/- 3 SD) were used to test significance of 

difference from zero (Lessa et al. 2003). The neutrality tests ofTajima's D (Tajima 1989) 

and Fu's Fs (Fu 1997) were used as an additional, independent assessment of changes in 

population sizes. Significance of Fs and D were evaluated by using 10,000 random 

petmutations in Arlequin 3.11 (Excoffier et al. 2005). For these 2 tests, significant 

negative values indicate deviations from neutrality and could indicate population 

expansion (Excoffier et al. 2005). For these last 2 demographic hist01y analyses, 

populations were also hunped together in 3 groups following the same criteria as the 

AMOV A. Lastly, the raggedness index (Hrupending 1994) from the mismatch 

distribution was calculated using the softwru·e package DnaSp (Version 4. 10. 9) . The 

raggedness index (r) is directly related to the degree of mismatch between the observed 

and expected distributions. Values of r lower than 0.05 indicate population expansion 

(Excoffier et al. 1992). This analysis was only perf01med for the Beringia Refugium, 

Southem Refugium and Glaciated Areas groups. 

Results 

Phytogeographic Analyses: Control Region sequences yielded 318 bp after 

alignment and trimming of ambiguous ends and a total of 35 haplotypes and 22 

parsimony inf01mative sites found (Appendix 1 a, b). The unrooted NJ tree (Figme 3) 

showed a stru· phylogeny for most N01th American haplotypes. The only supp01ted node 

(bootstrap value of 72) included 2 Emasian haplotypes (Russia and Scandinavia). Two 
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Califomian haplotypes (Hap 33 and Hap 34) were grouped with a haplotype from the 

Beringia refugium (Hap 33) but with low supp01i (54). A single Ontario haplotype (Hap 

22) is weakly related to that clade. For the MJN (Figure 4), all haplotypes were 

minimally diverged, separated by 1 to 3 mutational steps. A single Califomian haplotype 

is shared with the Beringia Refugium. The next closest N01ih American haplotype 

(haplotype 2) is found in several populations (Kenai Peninsula, Beringia Refugium, 

Russia, Nunavut, Southem Alaska and the pmp01ied southem refugia) and it is 3 

mutational steps distinct. The Scandinavian haplotype (haplotype 35) was 3 mutations 

fi:om haplotype 32 (found in Russia) . Haplotype 1 showed the highest frequency (n = 

200) and was fmmd in all the N01ih American localities except Califomia. Private alleles 

were found in Southem Alaska, Southeast Alaska, and Ontario. Ontario had 4 unique 

haplotypes. This expanded study indicated that Kenai Peninsula had no private alleles 

(Tomasik and Cook 2005) and shared 2 haplotypes with Southem Alaska (hap 1 and 2) . 

Southeast Alaska and Yukon Tenitories shared 3 haplotypes (hap 3, 13 and 17). 

Spatial Genetic Strncture: For population level analyses (369 bp ), 34 haplotypes 

and 21 inf01mative sites were found. The Mantel Test indicated that genetic distance was 

weakly conelated with geographic distance across population pairs (results not shown 

R2= 0.198, P-value < 0.05). Spatial Autocon elation Analysis indicated low heterogeneity 

in the Ay values despite the large geographic area analyzed. Ay values did not change 

linearly with geographic distance (Figure 6), con oborating an overall absence of spatial 

pattem (Diniz-Filho and Telles 2002; Miller et al. 2006). Landscape Shape Inte1polation 

(Figure 7) showed similar results regardless of grid size. A general pattem of increasing 

genetic distance in mid latitudes was observed. After the RE highest peak, genetic 
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distances decreased northward with some lower peaks in WL (British Columbia) and 

SAK. Highest genetic distance values were fmmd in the mid-area of the sampling 

scheme. SAK, WL, RE, and CB all exhibit high genetic discontinuity that reflects a 

South/N01th orientation. Three East/West slopes were uncovered also, highlighting 

differences that occm in localities at the similar latitudes. The first notable difference is 

between GC and WL, but these 2 populations do not show a high Fst value (0.008, see 

Table 2). This example illustrates the higher resolving power of this analysis, which 

rep01ts genetic distance on an individual basis instead of a population scale. Landscape 

Shape Interpolation plots eve1y sampled animal and shows inter-individual genetic 

distances without population assignment assumptions thus providing a more detailed 

picture of geographic prut itioning of the genetic vru·iation. The second difference is 

between 2 individuals from SAK and exemplifies the high levels of intra-population 

genetic diversity rep01t ed by the AMOV A. This population did not exhibit high 

nucleotide diversity (0.00479, see table 3). Finally, NWTINUT populations show a small, 

yet still significant East-West cline that may indicate that at least 1 of these regions has 

an independent population hist01y. 

Global FsT (calculated among all localities) was 0. 297, with values ranging from 

0 to 0.607 (Table 2). The MDS plot (Figme 8) (obtained from the Fst values) displays 

weak genetic stru cture (str·ess = 0.148) in the multi-dimensional space (Cox and Cox 

2001). Geographically proximate populations such as NUT and NWT apperu· distant in 

the MDS plot, while geographically distant populations such as YT and WY are 

proximate, a finding that illustr·ates the overall lack of regional genetic stru cture. 

Nonetheless, a few populations appear to be isolated from the others including: CB, 
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NUT, SEAK and KP. Russia appeared isolated fi:om the rest of the sampling localities. 

SAMOV A (Figme 9) did not identify genetically defined sampling localities. The Fcr 

value increased as the K value increased, again reflecting an overall lack of geographic 

stm ctm e. For the highest FcT value (K =1 5), eve1y population was placed in its own 

group except that GC and WL, WY and GA, and ID and RMF were paired together. 

Molecular Diversity and Historical Population Dynamics: Haplotype diversity (h) 

ranged from 0 to 0.011537 and nucleotide diversity (1t) ranged from 0 to 0.8571 (Table 

3). Highest values for both 7t and h were ONT. A second order polynomial (R2 = 0.231, 

Figme 1 0) best fit the data, indicating that localities in mid latitudes of the sampling 

scheme had highest values of 7t. ONT represents an outlier given that it has a value of 7t 

that is an order of magnitude larger than other localities (if excluded, the R2 value 

increases to 0.463). SAK showed the highest number of private alleles (6), followed by 

ONT (3), YT, SEAK, WL (2 each) and RE, and NWT (1 each). The AMOVA showed 

(Table 4) that 1.89% of the genetic variance was found among the 3 groups, 27.65% 

between populations within groups (global Fst = 0.277) and the remaining 70.47% within 

populations. The 3 groups were extremely similar to each other regardless of their 

hypothesized Pleistocene hist01y. For the core vs peripheral AMOV A, only 0.11 % of the 

variation was fmmd between these 2 groups. The population growth parameter (g) 

indicated that 8 localities (CAK, NWT, RM, SAK, UT, WL, WY, and YT; Table 5) 

displayed signals of population expansion (estimates of exponential growth larger than 

zero). Neither Tajima's D nor Fu's-Fs showed significant negative values for those 

populations, which indicates that this marker is evolving in a neutral fashion (Excoffier et 

al. 2005; Fu 1997; Tajima 1989). When the populations where sorted into 3 groups, the 

13 

LIT-07767



southem refugia showed a mixed pattem of population expansion and stability (D = -

0.06151, Fs = 0.642) and the glaciated areas showed clear signs of population expansion 

(D = -1.06824, Fs = -12.656), while the Beringia refugium showed apparent signs of 

population stability (D = 1.05215, Fs = 0.036). These analyses were not significant, but 

Tajima's D, is known to be conservative, and non-significant values may identify 

circumstances of population expansion (Lessa et al. 2003). Mismatch distribution and 

raggedness indices showed that populations in the Beringia refugium reflect stability (r = 

0.0644) while the southem (r = 0.0402) and glaciated populations showed signs of 

population expansion (r = 0.0486). 

Discussion 

This study of mtDNA variation con oborates previous findings indicating that 

female genetic variation is spatially partitioned in wolverines (Cegelski et al. 2006; 

Schwattz et al. 2007; Tomasik and Cook 2005). Although wolverines are capable of 

dispersing long distances, females are known to be philopatric, with home ranges 

significantly smaller than those of males (Homocker and Hash 1981; Magoun and 

Copeland 1998). Juvenile males show the highest vagility while establishing their own 

tetTitories, fmther exemplifying the sexual dispersal bias of this holm·ctic cannvore 

(Banci and Hm·estad 1988; Magmm and Copeland 1998; Persson et al. 2003). 

Spatial Strncture: The Mantel test showed a weak IBD; even when peripheral 

populations were discm·ded. Spatial Autoconelation Analysis did not show a clear 

pattem, because Ay values did not change linearly with geographic distance. Therefore, 

presence of batTiers to gene flow seeins to have a stronger effect on spatial genetic 
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variation than geographic distance. AMOV A failed to depict any differences between the 

3 proposed groups (1.89 %). Differences among populations within groups was 

considerably higher (27.65 %), especially for an extremely vagile camivore, and likely 

reflects the relatively low levels of gene flow found in female wolverines in the recent 

past. 

The SAMOV A analysis failed to clearly identify population groups, the Fct value 

constantly increased as k got larger. Schwa1tz et al (2007) fmmd 11 distinctive groups 

when they included Old World and Califomian samples. Those two populations were not 

included in the population-level analyses due to their small sample size and sh01t 

sequence lengths, but they are relatively distinctive from other N01th American samples 

(Fig. 3 and 4). Schwmtz et al (2007) also rep01ted that localities found in the southem 

Rocky Mountains grouped together (also supp01ted by this study for k = 13). Given that 

these localities are similm·, they all might have had originated from the same source 

populations. The MDS plot also showed poor s01ting power (low stress value) when 

placing localities into distinct groups. Nonetheless, a few populations were distinct 

including Russia, perhaps reflecting the independent evolutionmy hist01y of the Old 

World G. gulo after the LGM (see taxonomy section). The CB population also appem·ed 

to be distinct (also seen in the genetic landscape shape), con oborating the fmdings of 

Cegelski et al (2006) and Schwmtz et al (2007) . Those studies rep01ted that southem and 

n01them Rocky Mountains populations were different (based on both nuclem· and 

mtDNA data) . This distinction was demonstrated in the MDS plot but lack of a 

significant phytogeographic break between glaciated and southem refugia populations 

suggests that these 2 areas shm·e similm· population histories. 
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The pattem of evolutionruy relationships among haplotypes (Fig. 3) indicates that 

a few are distinctive while most ru·e pa1t of a large stru· phylogeny. Wolverine populations 

on deglaciated sites shru·e haplotypes and common haplotypes ru·e broadly distributed 

across the landscape, with geographically distant populations often shru·ing haplotypes. 

Similru· pattems of minimal moleculru· vru·iation runong recently expanded populations at 

mid-latitudes in central Canada are common within major phylogeographic groups that 

have been exrunined in N01t h America (Demboski et al. 1999; Hewitt 2004). 

Three East-West clines (Fig. 7) detected are located along the n01thwestem edge 

of the N01t h American continent and these may indicate that distinct eastem refugia, not 

previously considered, could have played an imp01tant role in shaping overall genetic 

stmcture of G. gulo (e.g. High Canadian Arctic or Appalachian refugia) . 

Historical population dynamics and hypotheses testing: Most alleles are roughly 

similru·ly divergent from each other; a pattem that may reflect a recent population 

expansion and/or deviation from neutrality (e.g. recent selective sweep, selection against 

slightly deleterious alleles) for these wolverine populations. To distinguish between 

population expansion and selective sweeps, multiple unlinked markers should be 

considered in future studies. If these also show signs of deviations from neutrality, then 

we can mle out the occunence of a selective sweep (because selection acts on a locus by 

locus basis) and conclude that a population expansion took place (Lessa et al. 2003). 

Fmt hetmore, Rrunos-Onsins and Rozas (2002) showed that both mismatch distributions 

and raggedness indices ru·e conservative measures. 

Highest nucleotide diversity values were fmmd at mid latitudes (Fig 9). Multiple 

refugial populations that survived the LGM independently recolonized the previously 
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glaciated areas leading to genetic signatures that overlap in these mid-latitude 

populations. Miller et al (2006) fmmd a similar pattem for the red tree vole (Phenacomys 

longicaudus) and concluded that this species recolonized from both the north and south. 

Nonetheless, they also fmmd 2 vety divergent clades, 1 southem and 1 n01them. Here, no 

distinct clades were identified (see Figme 3 and 4). Low nucleotide and haplotype 

diversity values (Table 3) and absence of private alleles in the southem Rocky Mountains 

are not signature features of refugial populations. The 4 haplotypes fmmd in Rocky 

Mountain populations (1 , 2, 8, 11) likely originated elsewhere and expanded south of the 

glaciated areas. These data reject the hypothesis that southem Rocky Mountains setved as 

somce populations for high latitude recolonization by wolverine. 

Three populations showed potentially reflecting the influence of refugial origin 

other than Beringia: Califomia, Nlmavut, and Ontario. Califomian populations were 

genetically more similar to Emasian samples than to the other N01th American samples 

(Schwaliz et al. 2007). Because more than 20 major glaciations events have now been 

identified dming the Pleistocene, recolonization of glaciated areas may have occUlTed 

multiple times. Wolverines may have colonized Califomia dming an interstadial prior to 

the LGM and then s1.11vived in an isolated refhgial south of the ice sheets. Haplotype 33 is 

shared between Califomia and Beringia and may reflect incomplete lineage sot1ing 

because not enough time was given for these 2 areas to be reciprocally monophyletic. An 

earlier colonization of N01th America in an independent southem refugia has been 

rep01ted for another highly vagile camivore, the Mexican grey wolf (Leonard et al. 

2005). When the glaciers receded, Califomian wolverine populations apparently 

remained isolated as there is no effective genetic signal (no shared alleles) that they 
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contributed to recolonization elsewhere in N01t h America, but Washington and Oregon 

populations need to be smveyed. Another possible explanation for this observed pattem 

is homoplasy. To test this possibility, Schwmtz et al (2007) also studied nuclear markers 

and found that these samples were not related to Rocky Mountains populations. These 

results fmiher supp01i the independent evolutionmy hist01y of the Califomian smnples 

and are not consistent with the Single Som ce Recolonization hypothesis. 

Nunavut wolverine populations are genetically distinctive from other localities 

(Fig 8). NUT and NWT have a unique, highly frequent allele (Haplotype 9) that may 

reflect the independent evolutiona1y hist01y of these populations (Fig. 4). Nonetheless, 

these populations (along with the NWT) showed clem· signs of expansion, perhaps 

indicating that wolverine populations persisted elsewhere no1ih of the glaciers in high 

arctic refugia in eastem Canada (Rand 1954). Wolverine later expanded into Nunavut and 

N01t hwest Tenitories following the LGM, but fmt her geogxaphic sampling and 

especially independent loci m·e needed to con oborate this hypothesis. 

For eastem Canada and n01theastem USA, palaeobotanical evidence supp01ts the 

presence of an isolated unglaciated area in the Appalachian Mmmtains (Pielou 1991). 

Species of eastem white pine and eastem hemlock smvived the Wisconsin glaciation in 

refugia in the eastem foothills of the Appalachians and on the adjacent coastal plains 

(Pielou 1991). Previous studies have also identified refugial populations for the shOii ­

tailed shrew (Brant and Orti 2003) and spotted salmnander (Zmnudio and Savage 2003) 

in the Appalachians as well as a distinct eastem clade for the black bear (Wooding and 

Wm·d 1997). Wolverine appear to be tightly associated with alpine vegetation, cold 

temperatmes, and spring snow cover (Aub1y et al. 2007) which could have been present 
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in a eastem refugium. Om sampling assessment did not smvey eastem N01th American 

populations of wolverine and precludes analyses of potential contributions to n01thward 

expansion from an eastem refugia (Pielou 1991). Fom private alleles were fmmd in the 

most eastem population (ONT) these were not closely related to each other (Fig. 4) 

perhaps reflecting admixtme from multiple refugial somces. Few samples representing 

the Ontario locality combined with the need to sample eastem populations such as 

Quebec, and Labrador preclude testing the eastem refugial hypothesis. 

Overall events that contributed to mitochondrial diversity m mid-latitude 

populations appears to be historical population expansion primarily from the Beringia 

refugium, followed by contemporaty low levels of female gene flow as reflected by 

relatively high between populations Fst values. Range expansion has significant 

consequences for shaping the genetic stiuctme of high latitude species (Nichols and 

Hewitt 1994). Once glaciers fi.Illy reti·eated, and the region had been colonized by 

wolverine, inter-population migration of female wolverine may have decreased leading to 

higher between population differentiation (Table 2). 

Multiple fossil records south of the glaciers dming the LGM (Btyant 1987) 

suggest that modem N01th American wolverine populations might have descended fi:om 

these southem refi.1gial populations. However, mtDNA sequences reject the Southem 

Somce Recolonization hypothesis and indicate that refi.1gial populations found in 

Beringia gave rise to most contemporruy N01th American wolverine populations (except 

Califomia) after the last glacial maximum. Previous studies (Cegelski et al. 2006; 

Tomasik and Cook 2005) identified Beringia as the likely origin for extant wolverine 

populations in N01th America. A similar pattem of a post-Pleistocene Beringian origin 
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has been suggested for tundra voles (Galbreath and Cook 2004), moose (Hundertmark et 

al. 2003; Hlmdertmark et al. 2006), ennine (Fleming and Cook 2002) n01them red­

backed vole (Cook et al. 2004), and arctic ground squinel (Eddingsaas et al. 2004). A 

southem coastal refugial origin has been proposed for cinereus shrew (Demboski and 

Cook 2003), Pacific mrut en (Small et al. 2003; Stone and Cook 2002), and wolf 

(Weckw01th et al. 2005). Califomian wolverines may have been pmt of an earlier 

colonization that persisted in this southem coastal refugium., but this population did not 

contribute to the gene pool of the remaining N01th American populations. 

Taxonomy: Gulo is descended from Plesiogulo (Kmten and Anderson 1980) and 

is the sister taxon of the genus Martes (e.g., fisher; (Dragoo and Honeycutt 1997). There 

are Pleistocene fossil records of wolverine in both Emasia and N01th America (Hibbard 

et al. 1965), but New World fossils appear to be older (Kmten and Anderson 1980). The 

taxonomic status of extant Palem·ctic and Neom·ctic wolverines has been controversial. 

The cunent taxonomic view is that Gulo gulo is the only extant representative of the 

genus (Gulo schlosseri and Gulo gidleyi m·e extinct fonns; (Hall1936; K01m os 1914) and 

that there are 2 subspecies: G. gulo luscus in N01th America, and G. g. gulo in Emasia 

(B1yant 1987; Krott 1960; Kmten and Rausch 1959; Wilson and Reeder 1993). G. g. 

vancouverensis on Vancouver Island (Goldman 1935), G. g. katschemakensis on the 

Kenai Peninsula (Matschie 1918), and G. g luteus in Califomia (Elliot 1903) have also 

been described as putative subspecies based on morphological data. 

Results are consistent with previous fmdings (Schwrutz et al. 2007; Tomasik and 

Cook 2005) that rep011 incomplete lineage so1t ing between New and Old World 

wolverines, although fmt her sampling is needed. The star phylogeny (Fig 3) and overall 
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low sequence divergence supp01i the hypothesis that N01i h American and Eurasian 

wolverines are a single evolutionaty lineage or species, but sampling remains limted 

especially in eastem Asia. A major phylogeogxaphic discontinuity in southeastem Siberia 

has been rep01ied in other mammals (e.g. Myopus schisticolor; Fedorov et al. 2008), 

fmiher illustrating the need for more extensive sampling of wolverine in Asia to elucidate 

their biogeographic hist01y. 

Multiple shared haplotypes between the Kenai Peninsula and inland Alaska and 

lack of a distinct clade for this region suggest that G. g. katschemakensis may not 

represent a distinct evolutionruy unit (Tomasik and Cook 2005). Finally, Schwatiz et al 

(2007) rep01i ed the independent evolutionruy hist01y of the Califomia samples from the 

Rocky Mountain samples. The shru·ed allele (haplotype 33) between Califomia and 

Beringia may also reflect incomplete lineage sotiing of ancestral alleles. The status of the 

Califomian subspecies G. g. luteus as a distinct trinomium remains lmcleru·. 

Peripheral Populations and Conservation Implications: Core and peripheral 

populations differed minimally (Table 4) indicating that peripheral populations do not 

show less genetic variation than core populations as would be expected by the01y 

(Allendorf and Phelps 1981; Lesica and Allendorf 1995; Mayr 1970; Safriel et al. 1994). 

Kenai Peninsula is not highly distinctive (Fig. 8). The wolverine of the Kenai Peninsula 

did not show any private alleles. 

Southeast Alaska in contrast has 2 private alleles, indicating the possibility of 

reduced gene flow with neighbor Canadian populations. There is limited female gene 

exchange at the local scale between these populations and their con espondent inland 

populations (Fst of 0.2159 for SEAK/YT and 0.294 for SEAK./WL), but these are not 
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unusually low levels of gene flow when compared to the other Fst values (Table 2). 

Wolverine in these areas do not represent a coastal refugial population in the Alexander 

Archipelago (Can ara et al. 2007). Furthe1more, Southeast Alaska wolverine showed 2 

private alleles, a potential indication that this region is pmiially isolated from nearby 

populations. Within southeast Alaska, there were no significant differences between 

island and mainland samples, but wolverine only occm on nearshore islands (Mitkof, 

Kupreanof and Kuiu). Tomasik and Cook (2005) recognize Southeast Alaska as a 

distinctive population. Om expanded analysis (increasing smnple size in Southeast 

Alaska from 12 to 31) and new smnples fi:om nem·by populations (YT, n = 23, and WL, n 

= 24) con oborates their preliminmy findings. This result for wolverine contrasts with 

previous studies of another coastal mustelid that identified the potential signature of a 

Pacific coastal refugium (Canm·a et al. 2007) in Southeast Alaska e1mine (Fleming and 

Cook2002). 

High Fst values indicate that the females are not successfully migrating mnong 

populations but others (Cegelski et al. 2006; Chappell et al. 2004; Kyle and Strobeck 

2001; Tomasik and Cook 2005) rep01i that male wolverines appear to be the primmy 

dispersers (especially subadult males). Even though male biased migration could prevent 

inbreeding depression in these m·eas, the lower number of incoming females (represented 

by high Fst values) might have drmnatic implications from an ecological standpoint. 

Moreover, Krebs et al. (2004) demonstrated that in hmvested areas, males (especially 

subadults) had lower smv ival than females. If the predominant dispersers exhibit 

decreased smv ival and females m·e not successfully migrating through the landscape, 

intensively hmvested populations might be of special conse1vation concem. Fmbearer 
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sealing records by the Alaska Depruiment of Fish and Grune for the peripheral 

populations of Southeast Alaska (GMU 1-5) and Kenai Peninsula (GMU 7 and 15) 

indicate an average annual harvest of 24 and 14 animals respectively over the last 10 

years (Alaska Depruiment of Fish and Grune 2004). Wolverine populations are believed 

to be able to sustain a hruvest rate of 6 % of the population per yeru· (Krebs et al. 2004). 

In these peripheral regions, wolverine populations might decline without the constant 

inflow of females (Krebs et al. 2004), so interior British Columbia wolverines (those east 

of the Coast Range) may be impoliant to maintain the viability of Southeast Alaska 

(Lofroth and Ott 2007). Changing climates may also impact these mesocrunivores. 

(Magmm 1985) rep01ied that den abandonment was probably forced by snow melt and 

Aub1y et al (2007) fmmd a close conelation between wolverine presence and spring snow 

cover. Global climate change is heavily impacting higher latitudes with consistent 

indications of spring wanning of arctic tenestrial regions and eru·lier disapperu·ance of 

snow cover (IPCC 2007). Lack of spring snow cover represents an additional extemal 

pressm e to the already hruvested wolverine populations. 

Conclusion 

For the N01ih American wolverine, there is an overall lack of lru·ge scale 

geographic stiuctme (weak IBD), but moderate to high Fst values between adjoining 

populations. A pattem of Holocene population expansion into previously glaciated 

regions along with limited ongoing levels of gene flow may explain these findings. In 
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general, for n01them localities show more genetic diversity than southem localities, with 

relatively high levels of nucleotide diversity found in mid latitudes populations. 

Beringia may have been a primruy source for the recolonization of most of 

westem N01t h America with the possible exception of Califomia and the most eastem 

populations (Ontru·io and Nunavut) considered in this study. The previously glaciated 

Canada and eastem Alaska show signs of recent population expansion while southem 

populations do not hru·bor refugial signatures and appear to be the result of a recent 

population expansion from n01them areas. 

Califomian wolverines ru·e distinct fi:om most N01t h American populations but 

share one haplotype with Beringia and Russia, a finding indicating that wolverines might 

have colonized from Beringia prior to the LGM. When glaciers retreated, Califomian 

wolverine appru·ently remained isolated and did not contribute to the genetic diversity of 

the remaining contiguous N01th American wolverine populations. Nunavut and NWT ru·e 

genetically distinctive but apperu· to be the result of a recent population expansion, 

perhaps reflecting the influence of a sepru·ate High Canadian Arctic refugium. Ontru·io 

was also genetically distinctive (e.g. high nucleotide diversity); this diversity could 

reflect admixture from eastem (e.g. Appalachian) refugial populations. Lack of eastem 

samples makes this inte1pretation inconclusive. 

Southeast Alaska wolverine showed no signature of a hist01y of persistence in 

Pacific Coastal Refugia. In spite of the relatively recent wolverine invasion of the coast, 

females show low levels of exchange with nearby areas. Kenai Peninsula does not seem 

to represent a distinctive population. 
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Fossil records from the Pleistocene indicate that multiple mammals followed the 

recolonization of their prefened vegetation type closely following the LGM (Hibbard et 

al. 1965). This study adds to the emerging pattem fmmd among N01ih American 

ve1iebrate populations (e.g. (Arbogast 1999; Brant and 01ii 2003; Byun et al. 1997; 

Conroy and Cook 2000; Klicka and Zink 1997) and specifically, boreal camivores (e.g., 

fisher, Wiseley et al. 2004; black bears, Peacock et al. 2007; brown bears, Bames et al. 

2002; wolves, Weckw01ih et al. 2005; and lynx, Schwaltz et al. 2003 that landscape 

features and geological hist01y affect these species ' spatial genetic stru cture. Although 

camivore species show similar life hist01y n·aits, they do not necessarily exhibit the same 

biogeographic histories. 
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Figures 

Figure la: Close up of Southeast Alaska 

Figure lb: Close-up of the Kenai Peninsula. 
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• 
~lson It al. 2000 

Cegelsld It aL 2006 

Figure 2: Map with all the North American sampling localities. Light blue dots represent samples taken from Cegelski et al 2006, 
orange (present study), green (Wilson et al 2000) and red (Tomasik and Cook, 2005). The abbreviations mean: WAK (Western 
Alaska), NAK (Northern Alaska), CAK (Central Alaska), SAK (Southern Alaska), KP (Kenai Peninsula), SE AK (Southeast Alaska), 
NWT (Northwest territories), NUT (Nunavut), Ont (Ontario), WL (British Columbia), GC (Alberta), RE (Revelstoke), RMF (Montana 
1), GA (Montana2), CB (Montana 3), ID (Idaho), WY (Wyoming). Sample sizes are indicated in white numbers. 
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Figure 3: Neighbor Joining Tree (NJ) based on GTR+I distances displaying al135 Gulo 
gulo haplotypes found. Intemal node numbers indicated Bootstrap support based on 
1,000 iterations. 
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Figure 4 Median Joining network (MJN) illustrating the 35 Gulo gulo Control Region 
haplotypes (318 bp) in this study. See legend for conelation between haplotype labels 
and populations. Pie diagrams indicate frequencies of populations within haplotypes. 
Black numbers indicate mutational steps between 2 given haplotypes. Light blue circles 
represent median joining vectors. The abbreviations mean the same as in Figure 1 but for: 
SCN (Scandinavia) , MON (Mongolia), BR (Beringia Refugia): NW AK, NAK, CAK, SR 
(Southem Refugia): RMF, GA, CB, WY, ID, CAL (Califomia), SWCA (Southwestem 
Canada): WL, GC, RE. 
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Figure 5: Result of the Spatial Autocon elation Analysis of the N01i h American Gulo 
gulo Control Region haplotypes found in N01ih America. This analysis was perf01med 
using z = 20 distance classes. Similar results were obtained using z = 20 and z = 30 (not 
rep01ied). The horizontal dotted line indicates the average value of Ay . Geographic 
distance is plotted in the x axis and the y axis the Ay values. 

38 

LIT-07792



North/South- Y (western edge) 

Figure 6: Genetic Landscape Shape interpolation using 50 x 50 grid and a distance 
weighting parameter of 0.1 (better at showing the general trend across such a broad 
sampling area). The x andy axis conespond to the GPS coordinates at each locality 
(UTM). The z axis represents genetic distances (Nei's unbiased D). Blue anows indicate 
high genetic discontinuities for that particular population. The black boxes (A-C) 
represent W-E genetic discontinuities. 
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Figure 7: Multi-Dimensional Scaling plot obtained from the FsT table (Table 3). Blue 
dots represent the different sampling localities. The abbreviations mean: WAK (Western 
Alaska), NAK (Northem Alaska), CAK (Central Alaska), SAK (Southem Alaska), KP 
(Kenai Peninsula), SE AK (Southeast Alaska), NWT (Northwest tenitories), NUT 
(Nunavut), ONT (Ontario), WL (British Columbia), GC (Alberta), RE (Revelstoke), 
RMF (Montana 1), GA (Montana2), CB (Montana 3), ID (Idaho), WY (Wyoming), RUS 
(Russia). Dashed circles and lines indicate the distance between southeast Alaska and 
Kenai Peninsula and their conespondent inland populations. 
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Figure 8: Plot of the Fcr values vs K values. Fcr values increase monotonically as K 
mcreases. 

41 

LIT-07795



Nucleotide Diversity Vs Latitude 

0.014 
R2 = 0.231 

0.012 • 
~ ·u; 0.01 .. 
. ~ 0.008 , 
Q) • , 
; 0.006 • 2 
u 
::J 0.004 z 

0.002 

0 
0 10 20 30 40 50 60 70 80 

Latitude (decimal degrees) 

Figure 9: Nucleotide diversity versus latitude. The best fit was a second order 
polynomial regression (R2 = 0.231) while a linear regression plot had a worse fit (R2 = 

0.05) . Nucleotide diversity was generally higher at mid-latitude sites. 
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Beringia Refugia 

Raggedness statistic r: 0.0642 

Glaciated Areas 

Raggedness statistic r: 0.0402 

Southern Refugia 

Raggedness statistic r: 0.0486 

Figure 10: Mismatch distribution for the 3 population groupings. The Southem Refugia 
and the Beringia Refugia show population stability (r > 0.05). The Glaciated Areas show 
population expansion (r <0.05). 
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Tables 

Table 1 : Population, specimens, individual museum catalog number, GenBank numbers . 
AF: Alaska Frozen Tissue Collection. Numbers in bold represent new specimens 
analyzed for this study (GenBank accession number) . * indicate GenBank numbers from 
previous studies. + indicate sampling localities used for population level analyses. 

Population Sample size Individual Identification number 

Southem Alaska (SAKt 42 EU812421, 344, 347, 349, 353, 355, 360, 365, 367, 
371, 377, 378, 381, 387, 389, 391, 394, 395, 397, 404, 405, 410, 418, 419, 422, 429, 430, 431, 
434, 437, 440, PJF1355, 5208, 24800, 01-02, 39937-38, 44, 46, 49, 51 
Central Alaska(CAKt 9 EU812373, 396,411, llF 11783, 84, 11801, 27577, 
30412, 30422 
Idaho (IDt 
Alberta (act 
Montana 1 (RMFt 
Montana 2 (GAt 
Montana 3 (CBt 
Btitish Columbia 1 CWLt 
NK140449-50, 55-57 

15 
17 
44 
19 
25 
24 

No museum specimens recorded 
No museum specimens recorded 
No museum specimens recorded 
No museum specimens recorded 
No museum specimens recorded 
19 with no museum specimens recorded, 

Wyoming ryvyt 13 No museum specimens recorded 
Revelstoke (REt 16 No museum specimens recorded 
Yukon Tenitories (YTt 23 EU812374, 350-352, 356, 357, 363, 364, 382, 388, 
400, 403, 409, 414, 424, 428, 441-444, 447, 451, 453 
Southeast Alaska (SE AKt 31 EU812399, 346, 348, 358, 359, 361, 379, 380, 398, 
401, 407, 412, 413, 416, 426, 432, 435, 436, 446, llF 15901-02, 16071, 20010, 51817-22, 51874-
75 
Ontario (Ontt 
Kenai Peninsula (KPt 
N01them Alaska (NAKt 
27234, 27137, 34266 

8 
25 
11 

EU812445, 354, 362, 439, 448, 449, 450, 452 
EU812406, 390, 399, 438 
EU812415, PJF354, 4033 , 36, 42, 48, 17989,24882, 

N01thwestem Alaska (NW AKt 24 EU812345, PJF32004, 45482, 45909, 911 , 914-915, 
917, 919, 921, 944, 948, 950, 953, 955, 961, 966, 967, 970, 974, 986-988, 47755 
Ntmavut tenit01i es CUTt 51 EU812369, 386, 417, llF 553 14-16, 20, 22, 24, 25-
26, 93-99, 55400-03, 08, 210105-32* 
N01thwest Tenit01ies (NWTt 27 
425,PJF210090-210104*, PJF55409, 55410 
Eurasia (RUS) 5 
Califomia (CAL) 7 
Mongolia (MON) 1 
Scandinavia (SCN) 8 

EU812392, 372, 376, 383, 384, 385, 393, 402, 420, 

PJF52357-8, 52388, 52360-1 
AY8803 13*, AY8803 14* 
AY8803 15* 
llF 245496* 
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Table 2: FsT population pairwise comparison. Numbers in bold represent significant values at the 0.05 level, 
bold represent significant values at the 0.01 level. 

RM ~ CB W( ID YT SEAK CNT GC VIL R: NAK KP NIVAK SAK liT NIVT 
1 RM 
2~ 0.0204.2 
3CB 0.55819* 0.34573" 
4 Wf 0.00258 ..Q.O&m 0.33494* 
5 10 0.01968 0.12023 0.60723" 0.12008 
6YT 0.08144* 0.03966 0.37896* ..0.00456 0.10052 
7SEAK 0.3455' 0.19427* 0.11333 0.17238* 0.34473" 0.21~ 

SCNT 0.3144* 0.1ffif6 0.22338 0.07&17 0.25466" 0. 11349" 0.137ffi 
9GC 0.24838* 0.17117* 0.43479* 0.1361* 0.29&15' 0.1363" 0.28007* 0.1!1216 
10VIL 0.0925 O.IBB1* 0.47149* 0.~ 0.10185' 0.10037* 0.294* O.Z005" 0.(X8)1 
11 RE 0.32023* 0.23128' 0.45857* 0.14100 0.33$4* 0. 16242" 0.31237* 0.12083 0.16144* 0.18164 
12NAK 0.4489" 0.31332" 0.47467* 0.2582* 0.52928" 0. 1te4* 0.31345* 0. 16513" 0.34181 0.35007 0.29375' 
13KP 0.5109* 0.39469* 0.47812" 0.32349* 0.512S6* 0.29187* 0.34703* 0.2129r 0.40521* 0.43!m' 0.22902" 0.36631* 
14 MI\W( 0.35577* 0.20393" 0.2(8)7* 0.13914* 0.35905' 0. 16134* 0.10246" 0.06413 0.268)1* 0.29005' 0.14894* 0.228;2" 0.17973" 
15SAK 0.14403* 0.12179* 0.4196* 0.08653* 0.11936* 0. 11417* 0.2>413 0.19502" 0.19746 0.14442* 0.2m97* 0.2536* 0.23004* 0.25943' 
16 UT 0.5732" 0.4381* 0.25029" 0.40581* 0.00036* 0.41903" 0.2796* 0.31216* 0.48951* 0.52905* 0.4Zl31* 0.48218" 0.31Dr 0.15702" 0.48416* 
17 MNT' 0.249!5* 0.10014 0.1!1224 0.06648 0.29919* O.CID17 0.13919* 0.1081* 0.20535' 0.22751* 0.21945' 0.16315 0.27197* 0.07161 0.21197* 0.21273* 
18C/IK 0.34838* 0.24261 0.47295' 0.17314 0.3951* 0.17023" 0.2.8002 0.12352 0.2!m8 0.25895* 0.19146* 0.27261* 0.12693 0.23119* -0.01836 0.49668* Q.23485" 
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Table 3: Nucleotide diversity (1t), haplotype diversity (h), sample size (n), number ofhaplotypes for each sampling locality, number 
of polymorphic sites, number of private alleles (alleles found in only 1 population), and frequency of private alleles(# Private alleles/ 
n). 

Population " h n #of Haplo~pes # Pol~morphic Sites # Private Alleles Frequenc~ Private Allele 
YT 0.003824 +/- 0.002710 0.7470 +/- 0.0822 23 8 10 2 0.087 

SEAK 0.006802 +/- 0.004192 0. 7075 +I- 0.0545 31 7 9 2 0.064 
ONT 0.011537 +/- 0.008602 0.8571 +/- 0.1083 8 5 15 4 0.375 

ID 0.000000 +/- 0.000000 0.0000 +/- 0.0000 15 1 0 N/A N/A 
WY 0.003004 +/- 0.002358 0.4103 +/- 0.1539 13 3 4 N/A N/A 
GC 0.003094 +/- 0.002364 0. 7059 +I- 0.0782 17 4 3 N/A N/A 
WL 0.002725 +/- 0.002120 0.6413 +/- 0.0807 24 6 6 2 0.083 
RE 0.003802 +/- 0.002758 0.7917 +/- 0.0451 16 4 3 1 0.187 

RMF 0.001383 +/- 0.001326 0.1691 +/- 0.0711 44 2 3 N/A N/A 
GA 0.002725 +/- 0.002116 0.3333 +/- 0.0978 25 2 3 N/A N/A 
CB 0.004270 +/- 0.002975 0.5029 +/- 0.1128 19 3 4 N/A N/A 

NAK 0.003378 +/- 0.002608 0.6727 +/- 0.1232 11 4 3 N/A N/A 
KP 0.003989 +/- 0.002790 0.6600 +/- 0.0513 25 3 3 N/A 0.24 

NWAK 0.005933 +/- 0.003795 0. 7391 +/- 0.0454 24 5 6 N/A N/A 
SAK 0.004791 +/- 0.003150 0.7503 +/- 0.0469 42 10 12 6 0.238 
NUT 0.003582 +/- 0.002520 0.8047 +/- 0.0283 51 7 5 N/A N/A 
NWT 0.004456 +/- 0.003021 0.8490 +/- 0.0379 27 8 6 1 0.037 
CAK 0.004250 +/- 0.003166 0.6944 +/- 0.1470 9 4 4 N/A N/A 
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Table 4: Amova table. The majority of the variance was found within populations. 

Source Sum of Components Percentage 
variation d.f. squares variation 
Among 
groups 1 12.072 0.01917 1.89 

Among 
populations 

16 114.204 0.281 27.65 
Within 

populations 406 290.788 0.71623 70.47 

Total 423 417.064 1.0164 
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Table 5: Neutrality tests (Taj ima and Fu), neither of the reported values was significant (P-value > 0.05) 
and population size fluctuation analysis (g, bold numbers indicated expanding populations). 

9 SDg Tajima Fu 
CAK 1252.9 311.5 0.231 '-0.133 
CB -70.6 308.1 0.8 2.344 
GA -78.7 416.6 0.561 3.178 
GC 695.5 393.1 0.781 0.092 
KP 228.2 298.1 2.08 2.503 

NAK 1461.2 494.1 0.708 '-0.29 
NWAK 69.2 214.2 0.968 1.23 
NWT 1568.9 357.6 0.164 '-2.215 
Ont 274.1 100.1 '-0.327 0.85 
RE 491 .5 339.2 1.56339 0.49 

RMF 1687.7 532.5 '-0.486 1.89 
SAK 274.6 78.5 '-1.146 '-2.88 

SEAK 34.1 175.3 0.671 0.32 
NUT 1046.6 120.1 0.395 '-1.031 
WL 2218.6 521 .8 '-0.913 '-1.96 
WY 1482.6 480.1 '-0.478 0.98 
YT 2626.6 250.2 -1.25 -3.16 
ID N/A N/A N/A N/A 
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Box 1: Details of Population Expansion 

The genetic consequences of population expansion following glacial recession are 
considered by comparing populations from regions with different glacial histories. If 
postglacial colonization took place as a series of successive founder effects (Hewitt 
1996), populations in regions that were recently glaciated are expected to (i) have lower 
genetic diversity than populations from non-glaciated areas, and (ii) exhibit the genetic 
signature of population expansion from low diversity founder populations. Populations 
from nonglaciated ru·eas ru·e not expected to show significant population expansion 
(Miller et al. 2006). 

a) Single source recolonization: Populations in the nmth show signs of population 
stability while populations in mid and low latitudes should show signs of expansion. We 
expect to see more genetic diversity in the nmth than in the south. 
b) Double source recolonization: Populations that persisted in the southem and nmthem 
refugia should show signs of population stability while populations in mid latitudes 
should show signs of population expansion. When populations recolonized from both 
refugia, they met in mid latitudes. We expect to see high levels of diversity in mid 
latitudes due to the admixture of genetic variants that originated in either high and low 
latitude refugia. 
c) Multiple source recolonization: Wolverine populations survived in multiple refugia 
(e.g. Beringia, High Arctic, Eastem, and Coastal Refugia) during the LGM thus showing 
signs of population stability. As glaciers retreated wolverine populations recolonized the 
previously glaciated areas thus creating multiple overlapping genetic signals in mid 
latitudes. We expect to see more genetic diversity in mid latitudes. 

Signs of Population Expansion: 
Tajima Significant (P-value < 0.05) negative values of D 
Fu Significant (P-value < 0.05) negative values of Fs 
g parameter Positive values that do not include 0 (+/- 3SD) 
Nucleotide diversity Low values 
Haplotype diversity High values 
MJN/ Tree Star-like phylogeny 
Mismatch distribution Unimodal distribution 
Raggedness index r values below 0.05 

Signs of Population Stability: 
Tajima Positive values of D 
Fu Positive values of Fs 
g parameter Values that include 0 (+/- 3SD) 
Nucleotide diversity High values 
Haplotype diversity High values 
MJN/ Tree Non star-like phylogeny 
Mismatch distribution Multimodal distribution 
Raggedness index r values above 0.05 
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Appendix 1 a : Variable nucleotide positions for the 318 bp Conn·ol Region fragment. 
Inseition/Deletion events are indicated as(-) . 

Variable Nucleotide Positions 
Haplotype 8 10 18 26 29 47 51 56 57 59 60 65 83 111 123 124 125 128 147 153 178 185 200 201 206 209 215 288 293 

1 (A) G A c C A T c A T c c - A T - - T G c c A G T c T G G A T 

2 G A c c A T c A T c c - A T - - T G T c A A T c T G G A T 

3 G A c c A T c A T c T - A T c - T G T c G G T c T G G A T 

4 G A c c A T c A c c c - A T c - T G c c A G T c T G G A T 

5 G A G c A T c A T c c - A T - - T G c c A G T c T G G A T 

6(F) G A c c A T c A T c c - A T - - T G T c A G T c T G G A T 
7 G A G T A T c A T c c - A T c - T G T c G G T c T G G A T 

8 (L) G A c c A T c A T c c - A T - - T G c c A G T T T G G A T 

9 (G) G A c c A T c A T c T - A T - - T G T c A A T c T G G A T 

lO(C) G A c c A T c A T c T - A T - - T G T c A G T c T G G A T 

11 G A c c A T c A T c T - A T c - T G T c A G T c T G G A T 

12 (B) G A c c A T c A c c c - A T - - T G c c A G T c T G G A T 

13 (E) G A c c A T c A T c c - A c - - T G T c A G T c T G G A T 

14 G A c c A T c A T c T - A T c - T G T c G G T c T G G A G 
15 G A - c A T c A T c T - A T c - T G T c G G T c T G G A T 

16 G A c c A T c A T c c - A T - - T G c c A G T c T G A A T 

17 G A c c A T c A T c c A A T - - T G c c A G T c T G G A T 

18 G A c c A T c A T c T - A T - - T G T c G G T c T A A A T 

19 G A c c A T c A T T c - A T - - T G c c A G T c T G G A T 

20 G A G T A T c A T c c A A T c - - A T c A G T c T G G A T 

21 G A c c A T c A T c c - A T - - T G c c A G T c T G G A T 

22 (H) G A c c A c c A T c c - A T - - T G T c A A c c c G G A T 

23(1) G A c c A T c A T c T - A T c c T G T c A G T c T G G A T 

24 G A c c - T c A T c c - A T - - T G c c A G T c T G G A T 

25 G A G c A T G A T c c - A T - - T G c c A G T c T G G A T 

26 (E) G A c c A T c A c c c - A T - - T G T c A G T c T G G A T 

27 (D) G A A c A T c A T c c - A T - - T G T c A G T c T G G A T 

28(M) G A c c A T c A T c c - A T - - T G c c G G T c T G G A T 

29(N) G A c c A T c A T c c - G T - - T G c c A G T c T G G A T 

30 (0) G A c c A T c A T c c - A T - - T G c c A A T c T G G A T 

31 (Mong/L) G A c c A T c A T c c - A T - - T G T c A A c T T G G A T 

32 (M) G A c c A T c A T c c - A T - - T G T c A A c c T G G G T 

33 (Cal l) G A c c A c c A T c c - A T - - T G T c A A c T T G G A T 

34 (Cal 2) G A c c A c c A T c c - A T - - T G T T A A c T T G G A T 

35 (Sen) A T c c A T c - T c c - A T - - T G T c A A c c T G G G T 
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Appendix 1 b: Haplotypes so1i ed by sampling locality for the 318 bp Control Region fragment. 

Haplotype UT SEAK KP Ber Ref ONT South Ref SAK YT SWCA NWT MON SCN RUS CALI 
1 3 14 7 13 3 89 30 11 22 8 0 0 0 0 
2 4 0 12 12 0 I 2 0 5 0 0 0 2 0 
3 I 13 0 6 0 0 0 I 0 0 0 0 0 0 
4 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
6 7 0 6 4 0 0 I 4 2 5 0 0 0 0 
7 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
8 0 0 0 0 0 2 0 0 19 0 0 0 0 0 
9 16 0 0 0 0 0 0 0 0 I 0 0 0 0 
10 13 0 0 0 0 0 0 0 3 4 0 0 0 0 
11 7 0 0 0 0 24 0 0 I 4 0 0 0 0 
12 0 0 0 7 0 0 0 I 0 3 0 0 0 0 
13 0 I 0 0 0 0 0 3 0 0 0 0 0 0 
14 0 I 0 0 0 0 0 0 0 0 0 0 0 0 
15 0 I 0 0 0 0 0 0 0 0 0 0 0 0 
16 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
17 0 I 0 0 0 0 0 I 0 0 0 0 0 0 
18 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
19 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
20 0 0 0 0 I 0 0 0 0 0 0 0 0 0 
21 0 0 0 0 0 0 0 I 0 0 0 0 0 0 
22 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
23 0 0 0 0 I 0 0 0 0 0 0 0 0 0 
24 0 0 0 0 0 0 0 I 0 0 0 0 0 0 
25 0 0 0 0 I 0 0 0 0 0 0 0 0 0 
26 0 0 0 2 0 0 0 0 0 I 0 0 0 0 
27 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
28 0 0 0 0 0 0 0 0 I 0 0 0 0 0 
29 0 0 0 0 0 0 0 0 I 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 3 0 0 0 0 0 
31 0 0 0 0 0 0 0 0 0 0 I 0 2 0 
32 0 0 0 0 0 0 0 0 0 0 0 0 I 0 
33 0 0 0 0 0 0 0 0 0 0 0 0 0 6 
34 0 0 0 0 0 0 0 0 0 0 0 0 0 I 
35 0 0 0 0 0 0 0 0 0 0 0 8 0 0 
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Appendix C. Manuscript submitted to Journal of Wildlife Management on 2 Febma1y 
2010 describing a field teclmique for identifying wolverines using an 
integrated system of motion-detection cameras and hair-snags and tested 
on wolverines on the mainland of Southeast Alaska near Petersburg in 
2009. 
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3 Alaska Depmi ment of Fish and Game 
4 3680 Non Road 
5 Fairbanks, AK 99709 
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8 RH: Magmm et al. • Wolverine Identification 

9 Wolverine Identification- Integrating Motion-detection Cameras and Hair Snags 

10 AUDREY J. MAGOUN1
, Alaska Department ofFish and Game, P.O. Box 667, Petersbmg, AK 

11 99833, USA 

12 CLINTON D. LONG, The Wolverine Foundation, Inc. , 9450 S. Black Cat Road, Kuna, ID 

13 83634, USA 

14 MICHAEL K. SCHWARTZ, USFS Rocky Mountain Research Station, 800 E. Beckwith 

15 Avenue, Missoula, MT 59801, USA 

16 KRISTINE PILGRIM, USFS Rocky Mountain Research Station, 800 E. Beckwith A venue 

17 Missoula, MT 59801 , USA 

18 RICHARD E. LOWELL, Alaska Department ofFish and Game, P.O. Box 667, Petersbmg, AK 

19 99833, USA 

20 PATRICK VALKENBURG, Alaska Department ofFish and Game, P.O. Box 115526, Juneau, 

21 AK 99811, USA 

22 ABSTRACT Use of motion-detection cameras and hair snags to monitor wildlife has grown 

23 substantially with advancements in these technologies, pmiicularly for rm·e and elusive species 

24 that are difficult or expensive to captme. Wolverines have a pattem of light pelage on their throat 

25 and chest that is unique among individuals and does not change over time. We developed an 

1 Present address: 1782 Evergreen Avenue, Juneau, AK 99801, USA 
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26 integrated system for photographing the ventral surface of a wolverine while simultaneously 

27 obtaining hair samples for microsatellite DNA genotyping. The system allowed us to match the 

28 hair sample to the photograph. Using the photographs, we also identified the sex of the 

29 individuals. We tested this system on wild wolverines in Southeast Alaska in 2009 and validated 

30 the identity and sex of individuals in the photographs with genotypes provided by the DNA 

31 analysis. There was a 100% match between the photographic and DNA data from 3 5 integrated 

32 collections of photographs and hair from 13 individual wolverines (8 M, 5 F) captured at 18 

33 stations. The system we developed is not only useful for documenting individual identity and sex 

34 of wolverines captured in photographs, but also for reducing the cost of DNA analysis and 

35 providing inf01m ation on lactation by females in photographs, familial relationships from DNA, 

36 and other population and behavioral data. We encourage managers to continue to develop and 

37 refme the technique for maximum yield of inf01mation from cameras and hair snags. 

38 KEY WORDS DNA, microsatellite genotyping, motion-detection cameras, Gulo gulo, hair 

39 snagging, identification, photographs, Southeast Alaska, wolverine. 

40 The Journal of Wildlife Management: 00(0): 000-000,2010 

41 Wolverines range widely, occur at low densities, and occupy habitats that are remote and often 

42 difficult to access (Copeland and Whitman 2003). For these reasons, ecological studies of 

43 wolverines have been expensive and labor intensive, relying primarily on radiotelemetiy for 

44 much of cunent knowledge of wolverine spacing pattems and population parameters (Persson et 

45 al. 2009). Use of motion-detection cameras and microsatellite genotyping to monitor wolverines 

46 and other c1yptic camivores is becoming increasingly common with recent advances in these 

47 detection techniques (Lofroth and Krebs 2007, Koen et al. 2008, Balme et al. 2009, Fisher et al. 

48 2009). Published evaluations of noninvasive techniques for monitoring wildlife focus on 
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49 effectiveness and cost comparisons between methodologies, and recommendations for 

50 integrating methods emphasize multi-species monitoring (Koen et al. 2008, Long et al. 2008, 

51 Balme et al. 2009) . We developed an integrated system of cameras and hair snags, targeted 

52 specifically to wolverines, to maximize the amount of inf01mation about wolverine populations 

53 that can be gained from using a combination of noninvasive techniques. Wolverines have a 

54 pattem of light pelage on their throat and chest (ventral pattem) that is lmique among individuals 

55 (Fig. 1) and does not change appreciably over time (A. J. Magmm, WRAM, lmpublished data) . 

56 Photographs of the ventral surface of a wolverine can be used to identify not only the individual 

57 but also its sex (Fig. 2). With the integrated system we designed, it is possible to photograph the 

58 ventral pattem and the abdominal area of a wolverine while simultaneously collecting hair from 

59 the animal. The next step in development of this technique was to test the system on a wild 

60 population of wolverines, which is the subject of this paper. Specifically, our objectives were to 

61 1) constmct an anay of camera and hair snag (C&H) stations in forested habitat in Southeast 

62 Alaska and test the system's effectiveness at simultaneously capturing photographs and hair of 

63 wild wolverines, 2) validate our ability to dete1mine identity (ID) and sex from photographs by 

64 comparing the photographic data. on ID and sex with that from DNA, and 3) recommend fmther 

65 refmements in the system and encourage researchers and managers to test the system in different 

66 wolverine populations. 

67 STUDY AREA 

68 The study area comprised 2,140 km2 of coastal tidelands, temperate rainforest, muskeg, alpine 

69 habitat, and glaciers in the Tongass National Forest on the mainland of Southeast Alaska near 

70 Petersburg (56° 48.67602' N, -132° 57.07452' W) . Boundaries of the study area were P01t 

71 Houghton on the n01th, LeConte Bay on the south, Frederick Sound on the west, and the Stikine 
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72 Icefield on the east. Elevations ranged from sea level to 2,164 m. Most forested habitat occmTed 

73 within 20-50 km of the coast and comprised Sitka spmce (Picea sitchensis) or westem hemlock 

74 (Tsuga heterophylla) on productive forest sites and mmmtain hemlock (Tsuga mertensiana), 

75 Alaska-yellow cedar (Chamaecyparis nootkatensis), or westem red cedar (Thuja plicata) on 

76 poorly drained sites. Temperatures at sea level dming the study ranged from -4° C to 7° C but 

77 were considerably colder at higher elevations, although rarely falling below - 23° C. Snowfall 

78 dming the study was ve1y heavy, reaching depths >4 mat higher elevations. Human inhabitants 

79 and developments were clustered near Point Agassiz where there was a local network of old 

80 logging roads. Access for trapping was either along this road system with snowmachines and 4-

81 wheelers or along the coast with boats. The average annual harvest of wolverines in the study 

82 area in 2000-2009 was 2 (range 1-6) with males comprising 67% of the total harvest for those 

83 years. Trappers limited their eff01t s to take wolverines in 2007- 2009 in cooperation with this 

84 study. 

85 METHODS 

86 From Febmmy-June 2009, we set up 29 C&H stations in forest stands from sea level to 670 m 

87 above sea level. We accessed these sites using boats, snowmachines, 4-wheelers, or helicopters. 

88 At each station we attached a horizontal, 120-cm-long mn pole to a tree with the proximal end at 

89 least 1 m above bm·e grmmd or snow and with the distal end pointed towm·d another tree 

90 approximately 3-4m away (Fig. 3). We fabricated the nm pole from 2 x 4 dimensional lumber 

91 (38 mm x 89 mm) or used a natural log (- 15 em diam) found on site. To attach the hair-snag 

92 stmctme (described below) to the pole, we used 2 sh01t pieces of 2 x 4 dimensional lumber, one 

93 that was 35.6 em (14 inches) long and one that was 40.6 em (16 inches) long, and attached the 

94 sh01ter piece with screws to the 1un pole so that it was pe1pendicular to the pole, flush with the 
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95 distal end of the pole, and centered on the pole. The longer crosspiece was positioned similarly 

96 but was 22 em from the distal end of the lllll pole (Fig. 3). 

97 We used square rods(- 2.5 em) of ultra high molecular weight (UHMW) polyethylene 

98 plastic (Plastic Supply Inc., Tacoma, WA) and steel alligator clips with 7.9-mmjaw opening 

99 (Mueller Electric Company, Akron, OH) to constmct hair-snag structures, which we mounted at 

100 the distal end of the nm poles (Fig. 3). The supp01i structure consisted of 1) 2 ve1i ical, 76-cm-

101 long pieces ofUHMW plastic (uprights), each screwed at their base to opposite ends of the 

102 sh01ier crosspiece on the Illll pole; 2) 2 similar pieces ofUHMW mounted diagonally for bracing 

103 the 2 uprights (braces) with one end of each piece bolted to the top of the UHMW uprights and 

104 the other screwed into the end of the longer wooden crosspiece on the lllll pole; and 3) a 46-cm-

105 long, 6.4-mm-diam (~ inch) threaded steel rod that spanned the distance between the uprights 

106 - 2.5 em from the top of the str11cture (crossbar). We used 2 additional pieces ofUHMW - 30-40 

107 em long (snag posts) on which we mmmted 6-8 alligator clips (Model #BU-60PR2) (Fig 4). We 

108 inselied the base ends of the clips into 6.4-mm-diam (~ inch) holes drilled into the snag posts 

109 and, tapping on the point of the jaw lightly with a hammer, firmly seated the base clips into the 

110 holes. We screwed the snag posts ve1i ically into the proximal edge of the longer crosspiece, one 

111 on each side of the lllll pole separated by - 25 em (Fig. 4) . When the snagging device was set, 

112 each of the base clips held open a tr·igger clip (Model #BU-60). We attached the tr·igger clips to 

113 Henssgen simplex snaps® (Henssgen Hardware Cmporation, Glens Falls, NY) with lanyards of 

114 Steelon® nylon-coated wire (BD45BL) (Berkley®, Spirit Lake, IA) and Berkley connector 

115 sleeves (B3) and secured the clips to the snag posts by snapping the sp1ing clips onto small eye 

116 screws inse1ied into the snag posts (Fig. 4). The springs in the base clips were at least as str·ong 

117 as those in the tr·igger clips so that the base clips held the tr·igger clips open to the widest extent 

LIT-07811



6 I Magoun et al. 

118 possible. When dislodged by an animal, the trigger clips would dangle at the end of the lanyard, 

119 preventing another animal from depositing hair in the clip (Fig. 5). 

120 We attached a digital, motion-detection camera (Trailwatcher®, Monticello, GA) to the 

121 tree opposite the Illll pole so that the camera faced the distal end of the Illll pole. We set the 

122 camera to take photos with the flash on both day and night to provide sharp photographs with no 

123 shadows. The camera triggered eve1y time an animal moved in front of the camera, resulting in 

124 photos taken - 4 sec apart for 500-700 photos on a 2 gigabyte mem01y card. For back-up in case 

125 ofmalftmction, batte1y depletion, or a frill mem01y card, we also attached another Trailwatcher 

126 camera or an infrared (no flash) camera (Reconyx®, Holmen, WI) to the tree and set the cameras 

127 to take photos over a longer period of time. The Reconyx cameras generally produced poorer 

128 quality photos but would operate at temperatures below - 23° C. We adjusted the height and 

129 position of the cameras so that the identification number on the end of the nm pole was centered 

130 near the bottom of the photographs. We ran a cable (2-mm-thick wire rope) horizontally between 

131 the 2 trees and high enough that the bottom of the bait was - 30-40 em above the crossbar. 

132 Heavier pieces of bait required a higher horizontal cable. For bait, we used pa1ts of deer 

133 ( Odocoileus hemionus), moose (A lees a lees), black bear (Ursus americanus), or beaver (Castor 

134 canadensis) with a major bone attached. Baits were either road-killed animals or the remnants of 

135 animals taken by hunters or trappers. We threaded a piece of cable through a hole drilled through 

136 bone in the bait and, using a cable clamp, attached the bait cable to the horizontal cable and 

137 adjusted the height and location of the bait above the distal end of the lllll pole before tightening 

138 the cable clamp. 

139 When we visited the C&H stations to collect hair, which we did each time we checked 

140 cameras to change batteries and mem01y cards at 1-4-week intervals, we placed the hair from 
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141 each n·igger clip (Fig. 4) into a separate small envelope and labeled the envelope with an 

142 accession identification number (AIN) that included the date, camera site, and clip position on 

143 the snag post (e.g., C10-041809-R7 indicated a sample of hair collected at camera site C10 on 18 

144 Apr 2009 from the seventh clip from the top on the right snag post). We then placed these 

145 envelopes into a larger envelope labeled with a collection identification number (CIN) that 

146 included the camera site and collection date (e.g., C10-041809). Because we had mmmted the 

147 alligator clips so they could be seen on the photographs, we could tell which clips were set and 

148 which ones were n·iggered both before and after a visit by a wolverine (Fig. 5), thereby allowing 

149 us to dete1mine which individual wolverine was associated with each n·iggered clip. This 

150 integrated method of photographing and collecting hair from wolverines made it possible to link 

151 genotypes with the lmique venn·al pattems of the wolverines photographed at the sites. 

152 We exn·acted genomic DNA from hair samples using standard protocols for tissues 

153 (Dneasy Tissue kit; Qiagen Inc., Hilden, Ge1many), with ovemight incubation in lysis buffer and 

154 Proteinase K on a rocker at 60 o C. We examined the hair samples at 9 microsatellite loci used 

155 previously with wolverine samples in other studies: Gg4, Gg7, Ma2 , Ma8, Tt4 (Davis and 

156 Sn·obeck 1998); GguJOJ, Ggu216, Ggu234 and Ggu238 (Duffy et al. 1998). We amplified 

157 microsatellites using protocols detailed in the respective sources, except we amplified these 

158 microsatellites using 0.8 units ofTaq polymerase and 45 PCR cycles. The resulting products 

159 were visualized on a LI-COR DNA analyzer (LI-COR Biotechnology, Lincoln, NE). We 

160 accepted data from hair samples as en or-free only if the microsatellites produced consistent 

161 scores in 3 separate PCR reactions. In addition, we used an SRX/SRY region to dete1mine sex 

162 (Hedmark et al. 2004). 
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163 To validate the accuracy ofiD and sex determined from photographs of the wild 

164 wolverines, we compared results from photographs with that from DNA using the following 

165 protocol. From photographs with a full ventral pattem, author Magoun determined ID of the 

166 wolverines and assigned a name for each individual with a unique ventral pattem. From 

167 photographs of the wolverines in a bipedal stance, she identified the sex of the animals. In 

168 addition, by examining the photos, Magoun determined which clips were triggered by a 

169 pruticular animal and assigned the AIN of each clip to that animal. She then provided a list of the 

170 wolverine names and their sex with the associated CIN and AIN data to author Long prior to 

171 DNA analysis of the hairs. Without knowledge of iD and sex of wolverines identified from 

172 photographs, the genetics laborat01y extracted DNA fi:om the hairs and identified the genotypes 

173 and sex of the individuals in each hair collection having suitable DNA. They assigned a code 

174 number to each genotype and provided a list of the DNA ID codes, sex, and associated CIN and 

17 5 AIN data to Magmm and Long, who independently compru·ed the data files to their individual 

176 results. Using this protocol, we avoided observer bias in the validation process. 

177 RESULTS 

178 In 2009 we collected 188 hair samples in 41 collections at 18 of the 29 (62%) C&H stations. To 

179 reduce the cost of DNA analysis, we selected 35 collections for which we had identifiable photos 

180 of wolverines and could detennine which trigger clips were associated with the photographed 

181 animals. We subsampled in each collection when photos showed that only 1 individual had 

182 visited the site before the hair was collected or, in the case of a visit by > 1 individual, we could 

183 see in the photos which wolverine had triggered which clips. If we could not match a wolverine 

184 with a pa1ticulru· clip and > 1 individual had potentially contributed hair to a single collection, 

185 then we analyzed all samples in the collection separately, but we had only one occunence of > 1 
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186 individual 's DNA represented in a single collection. ill this collection, photographs indicated 2 

187 wolverines triggered clips at this C&H station, and we were able to identify the individuals from 

188 the photographs and their genotypes from hair collected at the station. We perf01med DNA 

189 extractions on 74 hair samples using 9 variable microsatellite loci and obtained quality DNA for 

190 genotyping of 37 of the 74 samples (50%), which represented 28 of the 35 (80%) collections we 

191 had selected. 

192 We obtained identifiable photographs of wolverines at 22 of the 29 (76%) stations. Hair 

193 from 2 stations was too poor to analyze for DNA. Of 14 different wolverines (8 M, 6 F) 

194 identified from photographs and associated with hair collections, we had sufficient DNA to 

195 genotype 13 individuals (8 M, 5 F) , the DNA quality being too poor to genotype one of the 

196 females. For those collections with good quality DNA, there was 100% agreement between the 

197 photographic data and the DNA data, both for ID and sex. Although 6 other collections also had 

198 poor quality DNA, it was possible to genotype these individuals from other hair collections 

199 matched to the respective photographs. 

200 Two of the animals in the photographs wore radiocollars, having been captured in live 

201 traps in 2008 as pali of another study (A. J. Magoun, lmpublished data) . Therefore, we based our 

202 test of sex identification from photographs on the remaining 11 individuals that we genotyped. 

203 Our dete1mination of sex from photogxaphs matched that from DNA in eve1y instance. 

204 Of the 13 individuals identified by both photographs and DNA, we identified 5 from only 

205 1 collection and 8 from 2- 6 collections. All individuals identified from multiple collections were 

206 identified by both photographs and DNA in the same collections. ill addition to the 14 

207 individuals photogxaphed at stations where hair was collected, we identified 4 other individuals 

208 from photographs at C&H stations (1 M, 1 F, and 2 of lmdeteimined sex) that could not be 
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209 genotyped because either the triggered clips had not snagged hair, the clips were already 

210 triggered by another animal, or the wolverines failed to trigger clips. We fmmd no genotype that 

211 could not be matched with a photograph. 

212 DISCUSSION 

213 Using photographs of individuals responsible for u·iggering the alligator clips, we were able to 

214 subsample from between and within the hair collections without compromising our ability to 

215 identify all individuals that left hair at the C&H stations, an advantage of using alligator clips 

216 over barbed wire for snagging hair from wolverines (e.g., Mulders et al. 2007). Moreover, we 

217 believe that alligator clips were superior to barbed wire in ease of deployment, reduced risk of 

218 injmy , and the additional inf01mation provided by linking genotypes to individuals identified 

219 from photographs. By associating a genotype with a lmique venu·al pattem, subsequent hair 

220 collections can be s01ted by individual and would not require DNA analysis when photographs 

221 indicate a known individual. Eff01t can then be concenu·ated on obtaining hair at stations where 

222 photographs indicate wolverines without known genotypes are using the sites, including new 

223 individuals that may be offspring of known individuals. For large-scale or multi-year studies, 

224 limiting the number of hair samples that must be processed and analyzed for DNA, while 

225 ensuring a comprehensive database of individuals in the study, could potentially save thousands 

226 of dollars in laborat01y costs. 

227 One disadvantage of using alligator clips is that once animals have u·iggered all the clips, 

228 subsequent visits by wolverines before the clips are reset will not yield hair for DNA analysis. 

229 We believe this disadvantage is outweighed by eliminating samples that could contain hairs from 

230 multiple animals and by the ability to link genotypes to photographs. We were able to genotype 

231 13 of 18 (72%) wolverines photographed at our stations using alligator clips and we believe that 
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232 we can improve on this success rate with additional refmements in our hair-snagging technique. 

233 No information is available on the success rate of genotyping wolverines visiting stations where 

234 hair is collected using barbed wire, although Fisher et al. (2009) reported that evidence from 

235 motion-detection cameras indicated that wolverines visited such stations without depositing hair. 

236 We suggest the following precautions when applying the technique to other wolverine 

237 populations. In this study, we linked DNA to 5 individuals identified by photographs using a 

238 single hair collection each. Whenever possible, at least 2 hair collections should be used to link 

239 unique ventral pattems to individual genotypes as a way to cross-validate the linkage. We also 

240 strongly recommend that only full ventml pattems (i.e., entire throat and chest) be linked to 

241 genotypes to avoid enors in the initial linkage and inconect associations in subsequent 

242 collections of photos or hair. Fmthe1more, if there is any doubt that a pruticular alligator clip was 

243 triggered by the wolverine in the photograph, then at least one additional hair collection for that 

244 individual should be genotyped if available. Loose hairs on the hair-snagging stm cture should 

245 not be used to link a genotype with a pruticulru· wolverine, even if no other wolverine was 

246 photographed at the site, to prevent mistakes in matching genotypes to ventral pattems. Even if 

24 7 photographs indicate that loose hairs are almost ce1tainly from a pruticular individual, 

248 verification from another collection should still be made before assigning a fmal genotype to that 

249 individual. 

250 Management Implications 

251 Besides providing inf01mation on ID, sex, and genotype as in this study, the integrated system of 

252 motion-detection cameras and hair snags has the potential to provide data on familial 

253 relationships and movement pattems of lmcollru·ed individuals based on DNA, smvival rates in 

254 multi-year studies, lactation in females, centers of activity, population density using captm·e-
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255 recapture models, and behavioral inf01mation such as association of individuals based on the 

256 date and time stamp on photographs. In fact, we believe that the full value of the system will not 

257 be realized until other researchers and managers apply the technique to their pruticular 

258 conservation and management needs. We encourage modifications of the system to improve the 

259 design and to suit different habitat types (e.g., tundra vs. forest) and different wolverine 

260 populations (e.g., trapped vs. untrapped) where behavior of wolverines might differ. Finally, the 

261 photographs we obtained ofma1ten (Mm·tes americana) at our C&H stations suggest that a 

262 similru· integrated system of cameras and hair snags would work equally well for maltens with 

263 modifications for the smaller size of this forest crunivore. 
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309 List ofFigmes 

310 Figme 1. Ventral pattems of 10 different captive wolverines photographed on 15 November 

311 2008 with a motion-detection camera at night (photographs provided by D. Pedersen), 

312 indicating that even closely-related or similarly-pattemed individuals can be identified 

313 from photographs. All wolverines in the photographs are males except the female in the 

314 lower right-hand comer. 

315 Figme 2. Photographs of 3 different wolverines taken with motion-detection cameras at sites in 

316 Southeast Alaska showing the abdominal area with evidence of sex for aM ~2 years old 

317 photographed on 11 May 2009 (top left), a non-lactating female photographed on 12 May 

318 2009 (top right) , and a lactating female photographed on 13 May 2009 (lower left) and 

319 again on 26 Jlme 2009 (lower right) showing regression of teat size after weaning. 

320 Figme 3. Photographs of st:Iu ctmes mmmted on the end of mn poles designed for snagging hair 

321 from wolverines as pa1t of a integrated system of motion-detection cameras and hair-

322 snagging devices with 1) a side view showing the positions of the bait, crossbar, uprights, 

323 braces, crosspieces, and snag posts with alligator clips (top) and 2) a front view taken in 

324 Southeast Alaska by a Trailwatcher® camera mmmted on a ti·ee opposite the nm pole 

325 (bottom). 

326 Figme 4. Close-up photographs from Southeast Alaska in 2009 of hair-snag posts and alligator 

327 clips showing snag posts with 5 pairs of clips in each post and all n·igger clips set (left), 

328 n·igger clips dislodged by a wolverine with wolverine hair in one of the clips (upper 
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329 right), and a trigger clip and lanyard ready to be clipped to an eye screw on a snag post 

330 (lower right). 

331 Figme 5. Photographs of2 different wild wolverines in Southeast Alaska by a motion-detection 

332 camera as they approached along a nm pole toward hair-snag posts with alligator clips on 

333 2 Apr 2009 (top) with 7 pairs of clips on the left snag post and 6 pairs of clips on the right 

334 snag post all set and on 17 Mar 2009 (bottom) with all clips triggered. 
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